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CHAPTER 1. INTRODUCTION 
Teaching and learning mathematics are complex tasks for both teachers and students. 
Historically, several instructional theories and approaches have been used to help students 
leam mathematics. One current theory that has been successful in understanding student 
learning and success in mathematics is constructivism. In addition, multimedia can be used 
by a teacher to facilitate use of constructivist-based instructional models that promote 
children's construction of learning. This study examined whether preservice elementary 
teachers' decisions about generating teaching strategies and attitudes could be developed 
through the use of videodisc-based problem solving with a constructivist approach. In this 
chapter, an overview of the study is provided. The chapter is divided into nine sections: (a) 
Background of the Study; (b) Statement of the Problem; (c) Purpose of the Study, (d) 
Hypotheses; (e) Research Questions; (f) Limitations; (g) Significance of the Study; (h) 
Definition of Terms; and (i) Summary. 
Background of the Study 
Most traditional mathematics instruction and curricula have been based on the 
transmission and memorization of isolated facts and gaining proficiency with paper-and-
pencil procedural skills rather than on conceptual understanding, multiple representations, 
connection to other disciplines, and problem solving by appropriate use of technologies 
(National Council of Teachers of Mathematics [NCTM], 1989). Effective teaching and 
learning of mathematics have continued to be critical research focuses for cognitive 
scientists, psychologists, and mathematics educators (Carpenter & Moser, 1982; Cobb, 
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Yackel, & Wood, 1992; Lesh, 1981; Schoenfeld, 1985,1989,1992). Supported by the 
publication of A nation at risk in 1983, mathematics education in the United States shifted 
from identifying the problems to focusing on reform. The need for reform was further 
outlined in Everybody counts (National Research Council, 1989). 
The first step toward mathematics education reform had begun on a national level 
when the Curriculum and evaluation standards for school mathematics (NCTM, 1989), 
describing mathematics content standards, and the Professional standards for teaching 
mathematics (NCTM, 1991), describing teaching practice standards, were published. These 
documents provided a framework for implementing change in the teaching and learning of K-
12 mathematics and for developing curricula that encourage contextualized problem solving 
and mathematical discourse. The NCTM (1989) asserted that knowing mathematics is doing 
mathematics and what students leam depends to a great degree on how they learn it. 
However, the real changes for mathematics educators have made slow progress (House, 
1994). Changing the beliefs about mathematics teaching and learning that teachers possess in 
order to facilitate their skills with implementing the NCTM Standards requires giving them 
powerfid experiences in mathematical thinking and conceptual understanding (Hyde, 1989). 
As Goldman, Barron, and Witherspoon (1991) indicated, teaching mathematics is a 
complex process in which teachers need to weave together recommendations from a variet>' 
of professional sources. Publications such as the NCTM Standards (1989, 1991, 1995) and 
the Mathematical Association of America's (1991) Call for change indicate directions for 
change for mathematics classrooms. Many of the instructional changes proposed by NCTM 
and MAA can best be understood from a constructivist perspective (Clements & Battista, 
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1990). In the past, teachers and textbooks have been the exclusive sources of mathematical 
knowledge. Teachers usually demonstrated concepts or procedures and led discussions only 
after consulting their textbook. Consequently, students had to listen passively and complete 
mostly paper-and pencil skill work or learn facts and procedures by rote memorization. 
Constructivism implies the creation of teaching-learning contexts and environments in which 
learners actively engage in the process of making sense and continuously constructing their 
own individual knowledge, and establishing taken-as-shared knowledge through their 
interactions with teacher, peers, and the physical environment (Bnmer, 1986; Cobb et al., 
1992; Roth, 1993; von Glasersfeld, 1990). 
Constructivists have argued for the need to change the understanding of the nature of 
the teaching and learning processes that occxirs presently in most classrooms. In doing so, 
students can take a role as actively involved learners instead of passive receivers of 
information (Cobb, Yackel, & Wood, 1991, 1992; Cognition and Technology Group at 
Vanderbilt, 1993a; von Glasersfeld, 1988). Therefore, constructivism underlies the reform 
for mathematics education as advocated by the NCTM. Through the theory of 
constructivism, the teaching-learning process can be analyzed critically, imaginatively, and 
interactively (Noddings, 1990; von Glasersfeld, 1988,1990). 
Appropriate uses of computer-related technologies allow students to investigate, 
examine, experiment with, and solve problems that they could not do before (Schoafif, 1993). 
Multimedia, microworlds, simulations, and problem-solving programs can facilitate such 
student-oriented education to help provide the much needed change in educational systems. 
For example, in 1980, Papert (1980,1987) introduced Logo, an exploratory computer 
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programming environment where children hypothesize and test their mathematical ideas, and 
demonstrated how it could be used to make mathematics meaningfiil to children from a 
constructivist perspective. 
The "Adventures of Jasper Woodbury," a videodisc-based series designed by the 
Cognition and Technology Group at Vanderbilt (1990,1991a, 1992a) to promote 
mathematical problem finding and solving skills, mathematical reasoning, and effective 
communication, has been developed from the perspective of the NCTM Standards and, 
hence, constructivism. The situated adventures are problems designed for middle-school 
students to solve while working in pairs (Cognition and Technology Group at Vanderbilt, 
1993a, 1993b). Each 15- to 20-minute adventure provides multiple opportunities for problem 
solving, reasoning, communication, and making connections. 
Educators have recognized technology's potential and effects on the future of 
education (NCTM, 1989,1991; Papert, 1988, 1993). However, the most critical factor 
affecting the impact of computer-related technologies in K-12 schools lies in the fact that 
most preservice teachers have had little or no training in the use of new technologies 
(Scrogan, 1989). The role of teachers in the technological environment of education is 
critical (Fulton, 1989; Novak & Knowles, 1991; Papert, 1988,1993). 
In spite of the critical necessity of teacher education in technologies, little research 
exists about the current state of use and integration of effective technologies in preservice 
teacher education programs (Becker, 1990;Bruder, 1989; Campoy, 1992). The 
lecture/textbook format, through which information is typically "delivered" to the 
prospective teacher, gives little opportunity for students to engage in dialogue, problem 
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identification, and integration of information from multiple soiirces (Goldman & Barron, 
1990). However, it is possible for these programs, especially for preservice mathematics 
methods education, to support K-12 schools' use of and integration of computer-related 
technologies into teaching mathematics by preparing teachers who have experienced 
constructivist-based computer-related technologies such as the Jasper series. Research is 
needed about the use of multimedia exploration approaches, which have realistic elements of 
real world problems, and which are integrated into existing constructivist-based teacher 
education courses. 
Statement of the Problem 
Constructivist-driven mathematics reforms in line with the NCTM Standards have 
been the primary focal areas of interest of study of teaching and learning mathematics for the 
past decade. The increasing availability of computer-related technologies has prompted the 
investigation of technology-based influences on teaching and learning. In addition, 
instructional technologies such as computer-supported learning provide a means by which 
students can construct their own knowledge of the mathematical concept imder consideration 
(e.g., Papert, 1980; SchoafF, 1993). For example, appropriate computer-related technologies 
are able to help classroom teachers create a manageable environment by giving 
encouragement and direction to the leamer when needed, and by asking appropriate questions 
which help students monitor their own thinking. 
Furthermore, as computer-supported learning has contributed to educators' efforts to 
provide meaningful mathematics learning experiences, students have become involved in 
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real-situation problems and authentic situations with high levels of comparison. Even though 
the effect of such technology-based materials has been a focus of studies in mathematics 
education (Kaput, 1992; Papert, 1980), such research has rarely included implementing the 
NCTM Standards. 
Most preservice elementary teachers know very little about effective and appropriate 
uses and integration of technologies to teaching mathematics. This fact coupled with a 
negative attitude toward mathematics and toward computer-related technologies makes 
efforts to improve teacher preparation a priority. 
The "Adventures of Jasper Woodbviry" models an appropriate use and integration of 
technologies into middle grades mathematics classrooms according to the NCTM Standards. 
However, little is known about the constructivism-based use of the Jasper Series in teacher 
education programs. In fact, little research has been done on the use of any multimedia in 
this constructivistic maimer in the area of mathematics teacher education. Research on the 
effect of constructivistic instruction using technologies in order to contribute to knowledge in 
the area of mathematics teacher education is needed. 
Purpose of the Study 
The purpose of this study was to investigate whether preservice elementary teachers' 
decisions about generating teaching strategies and attitudes could be developed in a 
mathematics methods course emphasizing a constructivist approach and through the use of 
videodisc problem solving. The theoretical framework that guided this study is 
constructivism. The story "Rescue at Boone's Meadow" from the Jasper series was used in 
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this study. This study was conducted to: (1) examine the effects of using constructivist-based 
instraction including the use of multimedia on the improvement of attitudes toward 
mathematics and computer-related technologies; and (2) investigate the effects of 
constructivism-based instruction which included the use of multimedia on the development 
of appropriate teaching strategies in the categories of: (a) use of mathematics content 
emphasizing context; (b) mathematical communication; (c) student-centered approach; and 
(d) appropriate use of materials. 
Hypotheses 
The following research hypotheses were formulated in this study: 
1. The post-attitudes toward mathematics of pre-service teachers in the treatment group in 
an elementary mathematics methods class will be significantly more positive than their 
pre-attitudes toward mathematics. 
2. The post-attitudes toward computer-related technologies of pre-service teachers in the 
treatment group in an elementary mathematics methods class will be significantly more 
positive than their pre-attitudes toward computer-related technologies. 
3. The post-test scores of mathematics ability in terms of basic concepts, word problems, 
and problem-planning of preservice teachers in the treatment group in an elementary 
mathematics methods class will be significantly higher than the pre-test scores of 
mathematics ability in terms of basic concepts, word problems, and problem-planning. 
4. The post-attitudes toward mathematics of preservice teachers in the treatment group in 
an elementary mathematics methods class will be significantly more positive than the 
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post-attitudes of preservice teachers in comparison 1 group after covarying pre-attitude 
toward mathematics. 
5. The post-attitudes toward computer-related technologies of preservice teachers in the 
treatment group in an elementary mathematics methods class including the use of 
mxiltimedia material will be significantly more positive than the post-attitudes of 
preservice teachers in comparison 1 group after covarying pre-attimdes toward 
computer-related technologies. 
6. The scores of mathematics ability in terms of basic concepts, word problems, and 
problem-planning of preservice teachers in the treatment group in an elementary 
mathematics methods class will be significantly different from the scores of preservice 
teachers in two comparison groups. 
7. The test scores of preservice teachers' decisions about teaching strategies for teaching 
mathematical problem solving in the treatment group in an elementary mathematics 
methods class will be significantly different from the scores of preservice teachers in 
two comparison groups. 
Research Questions 
More specifically, this study was designed to answer the following research 
questions: 
1. Does constructivist-based instruction about teaching pedagogy for fostering solving 
complex word problems about ratios and proportions, which culminated with the use of 
multimedia materials, as compared to constructivist-based instruction which did not use 
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multimedia materials, promote generative problem solving strategies of preservice 
mathematics teachers? 
2. Does constructivist-based instruction about teaching pedagogy for fostering solving 
complex word problems about ratios and proportions, which culminated with the use of 
multimedia materials, as compared to constructivist-based instruction which did not use 
multimedia materials, change the mathematics attitudes of preservice mathematics 
teachers? 
3. Does constructivist-based instruction about teaching pedagogy for fostering solving 
complex word problems about ratios and proportions, which culminated with the use of 
multimedia materials, as compared to constructivist-based instruction which did not use 
multimedia materials, change computer-related technologies attitudes of preservice 
mathematics teachers? 
4. Does constructivist-based instruction about teaching pedagogy for fostering solving 
complex word problems about ratios and proportions, which culminated with the use of 
multimedia materials, as compared to constructivist-based instruction which did not use 
multimedia materials, develop preservice mathematics teachers' skill at facilitating 
strategies of teaching mathematics that are based on constmctivism? 
Limitations 
The following limitations of the study existed: 
1. The sample size was small (n = 73) due to the linaited enrollment at Iowa State 
University. However, all sections of the course were involved in the study. 
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2. The procedure of assigning students to sections of the course was not random. 
3. The instructor for each group (treatment, comparison 1, and comparison 2) was 
different, therefore, an instructor effect could exist. 
Significance of the Study 
Teaching and learning mathematics have been critical focuses on area of education. 
Since the NCTM Standards were published, the use and integration of technologies based on 
constructivism have been looked at essentially in relation to how students leam to solve 
mathematics problems and how teachers create appropriate educational environments. 
This study may augment information in the area of elementary mathematics teacher 
education with respect to teaching mathematics using technologies in line with 
constructivism. The findings in this study may contribute to the knowledge on teaching how 
to leam to leam mathematics with technologies according to a constructivistic approach. 
Definition of Terms 
Mathematics attitude - Hart (1989) indicated that "attitude is generally defined by 
psychologists as a predisposition to respond in a favorable or unfavorable way with respect to 
a given object (i.e., person, activity, idea, etc.)" (p. 39). Hart emphasized a threefold 
definition of attitude: "(a) an affective or emotional reaction to the object, (b) behavior 
toward the object, and (c) beliefs about the object" (p. 39). Aiken (1972) defined attimde as 
"enjoyment, interest, and to some extent level of anxiety" (p. 229). For the purpose of this 
study, mathematics attitude, in general, will be defined as verbally communicated responses 
to mathematics. 
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Computer-related technologies - Continually developing kinds of computer, 
peripherals, and supporting software (Schmidt, 1991). Computer-related technologies 
include, but are not limited to: computer, CD-ROM, telecommunication, multimedia, liquid 
crystal diode (LCD), videodisc, videodisc player, modem, video camera, optical scanner, 
audio synthesizer, Xap-shot. 
Summary 
In the United States, students' deficiencies in mathematical problem solving are well 
documented as are elementary mathematics teachers' lacks of preparation in teaching 
mathematics, particularly in the areas of technology and constructivism. The reform 
movement initiated by the NCTM Standards and constructivism, gives rise to the need to 
consider uses and integration of computer-related technologies in teacher education. This 
research presents the results of using and incorporating constructivist-based instruction 
including the use of multimedia into a mathematics methods course for preservice elementary 
mathematics teachers. Included are a literature review, a methodology describing the 
procedures of the study, results of analysis of empirical data, and conclusions and 
recommendations for future research. 
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CHAPTER!. LITERATURE REVIEW 
The purpose of this study was to investigate the effects of using constructivist-based 
multimedia on the decisions about teaching strategies and attitudes made by preservice 
teachers. The literature review presents theories, research and information relevant to the 
study. The chapter is organized into four sections: (a) Constructivism; (b) Use and 
Integration of Computer-Related Technologies in Education; (c) Need for the Uses and 
Integration of Technologies in Teacher Education; and (d) Summary. 
Constructivisiii 
The theoretical framework that guided this study was constructivism. Constructivism 
is a theory that explains how learners actively engage in the process of making sense of their 
environment and experiences so that they create their own knowledge. The theory calls for 
creation of teaching-learning contexts in which learners can interact with their teacher, peers, 
and physical environments in a meaningful way (Bruner, 1986; Cobb et al., 1992; Roth, 
1993; Vygotsky, 1978). Therefore, learning and developing knowledge and constructing 
knowledge of the world from one's own perceptions and experiences is mediated through the 
learner's unique previous knowledge (Duffy & Jonassen, 1992). This view of teaching and 
learning involves learners in the active construction of their own new knowledge rather than 
on passive acceptance of some common reality from the environment aroimd them (Cobb et 
al., 1992; BCilpatrick, 1987;Piaget, 1970; Schoenfeld, 1992; von Glasersfeld, 1990; 
Vygotsky, 1978). 
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According to Noddings (1990), constructivism as a cognitive position holds that all 
knowledge is constructed and that the instruments of construction include cognitive 
structures that are either innate (Chomsky, 1968; 1971) or are themselves products of 
developmental construction (Piaget, 1970). Constructivism was described by von 
Glasersfeld (1990) as a theory of active knowing: 
• Knowledge is not passively received either through the senses or by way of 
communication. iCnowledge is actively built up by the recognizing subject. 
• The function of cognition is adaptable. 
• Cognition serves the subject's organization of the experimental world, not the 
discovery of an objective ontological reality, (p. 22-23) 
Fosnot (1992) defined constructivism as a theory of "knowing" and a theory about 
"coming to know" (p. 167). Especially, as a theory of knowing, Fosnot (1992) describes 
constructivism as that process through which "organisms actively transform and interpret 
experience with mental structures" (p. 167). Such constructivist perspectives on learning and 
teaching have been critical foundations for much of the recent empirical, theoretical, work 
and qualification in mathematics education. 
Constructivism in mathematics education 
Constructivist perspectives in mathematics education have been well dociunented. 
Representative resources are: Constructivist views on the teaching and learning of 
mathematics (NCTM, 1990); Constructivism in education (StefiFe & Gale, 1995); and Radical 
constructivism in mathematics education (von Glasersfeld, 1991). Although there are 
conceptual differences in constructivist perspectives, Noddings (1990) indicated that 
constructivists generally agree on the following: 
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• All knowledge is constructed. Mathematical knowledge is constructed, at 
least in part, through a process of reflective abstraction. 
• There exist cognitive structures that are activated in the processes of 
construction. These structures account for the construction; that is, they 
explain the result of cognitive activity in roughly the way a computer program 
accounts for the output of a computer. 
• Cognitive structures are under continual development. Purposive activity 
induces transformation of existing structures. The enviromnent presses the 
organism to adapt, (p. 10) 
In addition, Clements and Battista (1990) pointed out constructivism's basic tenets in 
mathematics education as follows: 
• Knowledge is actively created or invented by the child, not passively received 
from the enviroimient. 
• Children create new mathematical knowledge by reflecting on their physical 
and mental actions. Ideas are constructed or made meaningful when children 
integrate them into their existing structures of knowledge. 
• No one true reality exists, only individual interpretations of the world shaped 
by experience and social interactions, (p. 34) 
According to Cobb (1988), the constructivist perspective implies two major goals for 
mathematics instruction (Cobb, 1988). First, students should develop mathematical 
structures that are more complex, abstract, and powerful than the ones they previously 
possessed so that they are increasingly capable of solving a variety of meaningflil problems. 
Second, students should become self-motivated in their mathematical activity. 
In mathematics education, the constructive and active view of the learning process 
endorsed by the National Council of Teachers of Mathematics (NCTM) Standards have been 
designed to cultivate students' ability to (1) investigate situations; (2) construct meanings 
from new situations; (3) provide arguments for conjectures about situations; and (4) use a 
flexible set of strategies to resolve situations (NCTM, 1989,1991). The role of the teacher is 
critical in implementing such classroom activity. 
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The role of the teacher in constructivism 
According to the constructivist view, teachers should continually make a conscious 
effort to view the environment through the students' eyes. Both the teacher's own behavior 
and the children's actions should drive the lesson results (Cobb et al., 1992; Dewey, 1964) 
rather than a teacher-centered lesson genesis that reduces the students' independence by 
presenting ready-made results or formulas. Although constmctivist views have gained 
creditability among mathematics educators, in many mathematics classrooms, learning 
continues to be viewed as a process where students passively receive information and 
formulas by repeated practice and memorization. However, learning mathematics does not 
take place by passive absorption (Cobb, 1991; Kamii, 1989; Resnick, 1987; Shifter & Fosnot, 
1993; Yackel, Cobb, Wood, et al., 1990) or by memorizing. Therefore, constructivist 
teachers should not give up their role as guider of knowledge (NCTM, 1989) but should 
establish a mathematical environment in which they are able to "leam the mathematical 
knowledge of their students and how to harmonize their teaching methods with the nature of 
that mathematical knowledge" (Steffe & Wiegel, 1992, p. 17). 
The teachers' leadership should purposely structure the intellectual and social climate 
of the classroom so that students can discuss, reflect on, and make sense of their tasks in 
ways meaningful to them (NCTM, 1989,1991). The traditional methods of transmitting 
mathematics in ways most adults were expected to leam are inconsistent with constructivism. 
Therefore, it may be difficult for teachers to assume their roles as encouragers and orienters 
for the students' constructive efforts. However, current research provides episodes that may 
help practicing teachers. 
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In one of the most comprehensive efforts to model constructivism in a mathematics 
classroom, Cobb, Yackel, and Wood (1990,1992) conducted a year-long second-grade 
mathematics classroom teaching experiment in collaboration with the classroom teacher. 
According to Cobb et al. (1992), the second grade students in the designed classroom 
experiment were guided by a constructivist perspective of learning and by detailed cognitive 
models of yoimg children's mathematical learning. In general, the problem-centered 
instructional activities were designed to make possible multiple solutions and both 
accommodate individual differences and facilitate small group and whole class discussions to 
provide learning opportunities in which conceptual and procedural developments would go 
hand in hand (Cobb et al., 1988). 
The goal of the research by Cobb et al. (1990) was to "help teachers develop forms of 
pedagogical practice that improve the quality of their students' mathematical education, not 
to spread a particular philosophical doctrine" (pi45). According to Cobb et al., this study 
differed from typical student-centered approaches. First, the instructional activities were 
grounded in detailed analyses of children's previous mathematical experiences and the 
processes by which they construct mathematical knowledge. Second, the researchers were 
primarily responsible for the construction of the instructional activities in consultation with 
the teacher. As a result, they found that the teacher "became increasingly sensitive in her 
interactions with the students and became adept at recognizing when her suggestions and 
students' searches for responses were fruitful" (Cobb et al., 1990, p. 139). 
Wood (1995) pointed out that teachers must construct practice that fits with their 
students' ways of learning mathematics. What it means to know and do mathematics in 
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school should be reformed and, thus, what is meaningful to teaching mathematics be 
redefined. Therefore, there is a challenge for reform in mathematics education being faced 
by mathematics teacher educators. 
Many international studies reported the United States students' weaknesses in 
mathematics and science (National Assessment of Educational Progress, 1988; National 
Research Council, 1989). U.S. students' difficulty with problems that requires reasoning 
skills and failure to bring real-world problem situations to doing mathematics contributed to a 
need for reform in mathematics education. When solving word problems they tended to 
access inappropriate problem schemata or to give up when faced with an unfamiliar or a 
complex problem (Kouba, Brown, Carpenter et al., 1988). 
Mathematics is one way people make sense of nature. Mathematics enables people to 
perceive patterns, to comprehend data, and to reason logically (National Research Council, 
1989). Even though in early childhood essentially all children enjoy numbers and 
mathematics, as children become socialized by school and society, they begin to view 
mathematics as a rigid system of externally dictated rules dominated by standards of 
accuracy, speed, and memorization. Eventually, most students leave mathematics feeling 
threatened and convinced that only innately talented people can learn and do mathematics 
(National Research Council, 1989). 
Many explanations for children's weaknesses in problem solving have been 
presented. The theory of mert knowledge (Brown, Collins, & Duguid, 1989; Gick & 
Holyoak, 1980; Whitehead, 1929) offered one explanation. Inert knowledge is knowledge 
that can usually be recalled when a person is explicitly asked to recall individual concepts 
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and do procedures, but is not used spontaneously in problem-solving contexts even though it 
would be relevant and useful (Whitehead, 1929). Students often fail to spontaneously use 
this knowledge becatise it does not represent any kind of realistic analogue of real-world 
problems. Thus, their knowledge stays inert. 
Roth (1993) described many weaknesses of teaching and learning mathematics in the 
United States as being derived from: (a) an inappropriate epistemology of mathematics 
teaching (Tobin, 1990; von Glasersfeld, 1987; Wheatley, 1991); and (b) a chasm between the 
activities practiced in real life vs. those practiced at school (Brown et al., 1989; Lave, 1988). 
In general, most constructivists agree that experiences with concepts and relations in school 
are typically different from experiences with those concepts in the real world. Constructivists 
emphasize "situating" cognitive experiences in authentic activities (Duffy & Jonassen, 1992). 
Such drastic changes in teaching are the very foundation of the reform efforts. 
In addition, the need for reform was described in Everybody counts (National 
Research Council, 1989): 
Mathematics education in the United States is facing major challenges on nearly 
every front: 
• Far too many students, disproportionately minority, leave school without 
having acquired the mathematical power necessary for productive lives. 
• The shortage of qualified mathematics teachers in the United States in serious-
more serious than in any other area of education-and affects all levels from 
elementary school to graduate school. 
• Calculator s and computers have had virtually no impact on mathematics 
instruction in spite of their great potential to enrich, enlighten, and expand 
students' learning of mathematics, (p.73, 74) 
. . .  T h e  p r o b l e m s  a r e  c o m p l e x . . .  N e v e r t h e l e s s ,  c h a n g e  m u s t  c o m e .  W h e n  
one compares the potential return on investment in education with the 
consequences of inaction, it becomes clear that we as a nation have no choice: 
we must improve the ways our children learn mathematics, (p. viii) 
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The National Council of Teachers of Mathematics chose to use such concerns as the 
basis for the mathematics education reform movement. In 1989, the NCTM published the 
Curriculum and evaluation standards for school mathematics as a vision of school 
mathematics that is both broader and more consistent with accelerating changes in today's 
society. In 1991, the Professional standards for teaching mathematics were introduced as a 
vision of what a teacher at any level of schooling must know and be able to do to teach 
mathematics as envisioned by the NCTM Curriculum and evaluation standards for school 
mathematics (1989). The Assessment standards for school mathematics followed in 1995. 
Together, these three documents provided the theoretical framework, based on 
constructivism, for mathematics education reform. 
NCTM Standards 
The Curriculum and evaluation standards for school mathematics (NCTM, 1989) 
describes the mathematics that all students should know and be able to do. For all grades K-
12, students need to leam how to solve problems, reason, communicate mathematically, and 
connect mathematics to other areas of mathematics, other disciplines, and the real world. 
The NCTM also outlined specific topics for each of the grade levels K-4, 5-8, and 9-12. But, 
in general, the NCTM indicated new goals for all students as the following: 
• leam to value mathematics, 
• become confident in their ability to do mathematics, 
• become mathematical problem solvers, 
• leam to commimicate mathematically, 
• leam to reason mathematically (p. 5-6). 
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In addition, the Professional standards for teaching mathematics (1991) represents 
the role of mathematics teacher and ways that teachers can structure classroom activities so 
students can leam the mathematics described in the Curriculum and evaluation standards for 
school mathematics. These standards emphasize the important decisions that a teacher makes 
in the following areas: 
• becoming knowledgeable about the nature of worthwhile mathematical tasks 
• understanding the teacher's role in discourse about mathematics 
• identifying & creating appropriate learning environments 
• being able to analyze teaching and learning (p. 5). 
These standards are organized arotmd the teachers' fundamental decisions of choosing 
meaningful mathematical tasks, establishing and promoting classroom discussion around 
these tasks, and creating an environment for learning. Moreover, the role of the teacher is 
described as a critical factor in the classroom: "Teachers are key figures in changing the ways 
in which mathematics is taught and learned in school. Such changes require that teachers 
have long-term support and adequate resources" (p. 2); "Teachers are key to the success of 
the current reform movement in U.S. mathematics education" (Battista, 1994, p. 462). 
The Assessment standards for school mathematics (1995) describes the process 
teachers and others should use to build assessment practices supportive of the development of 
mathematical power for all students. 
Research on implementing reform for mathematics education 
In this section, research on implementing reform for mathematics education is 
reviewed. First, The Problem-Centered Mathematics Project (PCMP) at Purdue University, a 
two-year research project, was reviewed. The research focused primarily on student learning 
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during the &st year (Cobb et al., 1990,1991). The project attempted to facilitate 
development of classroom practices of the teacher toward student experience, activity, and 
communication. During the following year of the project, the study focused on the 20 
second-graders and their teacher who had taught mathematics by-the-book for 15 years. The 
new instructional strategies and activities developed in the project for the experiment were 
based on a constructivist view of mathematics learning of problem solving. The researchers 
found that after completing the activities, the students showed significant growth in 
mathematical thinking and skills, and that their teacher established the beliefs valued in 
mathematics reform (Cobb et al., 1991). 
A second project reviewed was the Educational Leaders in Mathematics (ELM) 
Project conducted by the SummerMath for Teachers Program at Mount Holyoke College 
(Simon & Schifter, 1991). This project was designed with the following three broad goals in 
mind: 
• to create an innovative inservice program for mathematics teachers based on 
recent research and theoretical work, 
• to study the effects of teachers' thinking and practice, and 
• to study the effects of the students of the participating teachers (p. 309). 
The ELM model combined summer institutes based on constructivism with intensive, 
ongoing follow-up support. During the follow-up sessions, many participants in the project 
described how they had adopted new strategies in their mathematics teaching and came to 
base their instructional decisions on a view of learning as construction and the attitudes of 
students of participating teachers toward mathematics improved (Simon & Schifter, 1991). 
This evidence verifies that teachers can develop a vision of mathematics learning and 
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teaching consistent with recent reform movements through an inservice program in 
mathematics education. 
On the other hand, even though the need for the NCTM reform in mathematics 
education has been clear, actual changes for mathematics educators have been slow (House, 
1994). Most mathematics' teachers were not taught through constructivist or NCTM 
Standards-like maimers, therefore they probably had not taught from this perspective. For 
most mathematics teachers, a very different type of teaching was described in the NCTM 
Standards from what those teachers experienced as students (Hyde, Ormiston, & Hyde, 
1994). Some research studies reported that most mathematics teachers have been struggling 
to implement the reforms of mathematics education because they did not know how to begin 
(e.g., Heaton, 1992), their curriculum was too rigid to allow for exploration and alternative 
learning experiences (Showaiter, 1994), or their textbooks did not follow the spirit of the 
NCTM Standards. 
Although some mathematics teachers have already been diligently finding creative 
ways to implement such activities, others are struggling to develop a conceptual 
understanding and make rich coimections among the mathematical concepts they teach 
because they do not know how to begin (e.g., Kemis, Lively, Sorensen, & Sweeney, 1995; 
Sweeney, Kemis, Lively, & Sorensen, 1992). For example, iht Assessment of elementary 
and secondary curriculum needs and supply and demand for teachers in mathematics and 
science in Iowa (Sweeney, Kemis, Lively, & Sorensen, 1992) reported that over 60 percent of 
the K-8 teachers in the state of Iowa knew little or nothing about the NCTM Standards at 
their own level, and over 70 percent knew little or nothing about the standards for all grade 
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levels. In addition, a comparison of responses from 1992 to 1995 shows that 62% of the K-8 
teachers still know little or nothing about standards at their own grade level and that there 
was no significant change from 1992 to 1995 in knowledge of standards at their own grade 
level (Kemis & Lively, 1997). 
A case study from the Cognitively Guided Instruction (CGI) research program at the 
University of Wisconsin reported by Phillips, Armstrong, and Bezuk (1993) was conducted 
to provide teachers with knowledge about student thinking and strategy development of 
problem solving in their mathematics. As a result, the first- and second-grade teachers did 
not sufficiently understand important mathematical ideas to be developed and did not 
adequately consider the amoimt of time that it should take for students to develop those 
mathematics concepts. 
Moreover, in a case study with a fifth-grade teacher at an elementary school in 
California, Heaton (1992) found that even though the teacher and students were actively 
trying to apply mathematics to real-life situations, the students' lack of prerequisite 
understanding of the mathematics content and the teacher's deficiency in sophisticated 
knowledge of the mathematics content resulted in a doubtful focxis and outcome for the 
activities. The students applied mathematical procedures inappropriately and did not make 
reasonable analyses of their solutions. 
In case studies of three California teachers in a disadvantaged, urban elementary 
school, Grant, Peterson, and Shojgreen-Downer (1996) looked at how teachers took in recent 
mathematics reforms. These teachers had access to multiple opportunities to leam about the 
reforms, but availability of opportunity guaranteed no common understandings. Rather, it 
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was found that teachers' understandings of reform were influenced mostly by the kinds of 
students they had, their prior knowledge and experiences, and their views of mathematics, 
textbooks and tests. In addition, teachers who received new texts and materials, and attended 
in-service programs, received little help in thinking about how to connect new mathematics 
goals with their diverse students' needs. 
The examples described previously as well as other examples (see Table 1), flirther 
illustrate the need for reform in mathematics education to come in line with the NCTM 
Standards. Actual implementation of mathematics education reform has made slow progress. 
The report of the 1993 National Survey of Science and Mathematics Education (Weiss, 1994, 
1995) indicated that elementary mathematics teachers are not well prepared to teach 
mathematics content area recommended for the early grades. The Third International 
Mathematics and Science Study (TIMSS) (National Center for Education Statistics, 1996) 
reported that only a few U.S. mathematics teachers implement the reform in mathematics 
education in their teaching. 
Further, even though preservice mathematics teachers support reform on 
mathematics, they indicated that they are little supported for teaching (Frykhohn, 1995) and 
do not have a well-developed mathematical concept and methodology in their teaching (Ball, 
1988, 1990a; Simon & Blume, 1994). Therefore, preservice teacher education for 
preparation for teaching mathematics is a natural place to begin such efforts for reform of 
mathematics education. 
Table 1. Research on mathematics reform implementation 
Title 
of the project Place 
Researchers 
/References Characteristics Results/Findings 
The Problem- Purdue Cobb, Yackel, Cognitively constructivist-based 
Centered University & Wood instructional activities were developed and 
Mathematics (1991) used in a second grade classroom to 
Project facilitate the classroom teacher's 
(PCMP) development of teaching practice. 
The students showed growth in 
mathematical thinking and skills in 
problem solving, and their teacher 
established the beliefs valued in 
mathematics reform. 
The Educational SummerMath Simon & 
Leaders in 
Mathematics 
(ELM) 
for teachers 
program at 
Mount Holyoke 
College 
Schifter 
(1991) 
Schifter & 
Fosnot(1993) 
It was designed to introduce inservice 
teachers to a constructivist perspective in 
mathematics education. The inservice 
teachers were introduced to learn 
mathematics concepts and problem solving 
in ways construction of meaning and 
reflection are valued and encouraged which 
are very different from the ways they had 
learned and taught. 
The participant teachers began to 
realize how students construct meaning 
for mathematics by experiencing 
learning in a collaborative and 
constructive environment. They 
progressed through changes in 
teaching practice and strategy. 
Teacher 
Education and 
Learning to 
Teach Study 
Michigan State 
University 
Ball & Wilson The longitudinal study examined what 
(1990) teachers are taught and what they learn in 
eleven diverse preservice, induction, and 
Ball (1990) inservice programs across the country. In 
addition, prospective teachers' knowledge 
and beliefs about mathematics were 
evaluated in the areas of division with 
fractions, division by zero, and zero with 
algebraic equations. 
The prospective teachers showed the 
lack of their knowledge of the 
underlying relationships in 
mathematics. In addition, they had 
difficulty with pedagogical content 
knowledge. 
Table 1. (continued) 
Title of the 
project 
Place Researchers/R 
eferences 
Characteristics Results/Findings 
The Atlanta Georgia State Hart, Schultz, The goal was to facilitate mathematics in-
Math Project University Najeeullah, & service in implementing the NCTM 
Nash (1992) Standards through in-service. 
Implementing mathematics pedagogy 
and its association with the NCTM 
Standards showed increased teacher 
use of questioning, manipulatives, 
cooperative groups, spontaneous 
innovation, and sharing of authority 
with students. 
Quantitative 
Understanding: 
Amplifying 
Student 
Achievement 
and Reasoning 
(QUASAR) 
University of Silver (1993, The goal was to implement instructional 
Pittsburgh 1994) programs fostering acquisition of 
mathematical thinking and reasoning skills 
by students attending middle school in 
economically disadvantaged communities. 
The teachers tried to incorporate the NCTM 
Standards into their teaching practice in 
ways appropriate for diverse student 
populations in urban schools which have 
little fmancial support. Then the school 
sites built collaborative communities of 
learners. 
The project showed how teachers 
could become leaders in the 
collaborative community. They 
moved from peripheral roles to central 
roles as they became comfortable with 
the risks of teaching in an innovative 
style. Their practices implied the 
teachers' and community's unique 
interpretation of the ideas in the 
baseline with the NCTM Standards. 
a\ 
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Preservice elementary teachers' preparation for teaching mathematics 
The current state of preservice teachers' preparation for teaching mathematics has 
indicated that most preservice elementary mathematics teachers do not have a well-developed 
mathematical concept and are not prepared for teaching based on the NCTM Standards (e.g.. 
Ball & Wilson, 1990; Simon, 1993; Simon & Blume, 1994). This lack of preparation of 
elementary mathematics teachers implies there is a need to ascertain methods to assist 
teachers to: (a) transform and develop their understandings of mathematics; (b) work with 
and evaluate current materials and the resources available; (c) design a technology-integrated 
classroom; (d) use and integrate technology into their classroom; and (e) move toward the 
kinds of mathematical conceptual understandings needed to raise their level of teaching 
mathematics to successfully embrace the NCTM Standards. 
Even though references to constructivist approaches have been used, practical 
changes toward constructivist mathematics classrooms have not been obtained. Some 
mathematics preservice teachers have been struggling with practicing constructivist-based 
instruction because they are not certain about how to begin to find creative ways to practice 
the new approach (Showalter, 1994). In addition, most preservice teachers have negative 
attitudes toward mathematics and have not had the opportunity to participate in a formal 
study of mathematics via new constructivist-based material with student teachers, beginning 
teachers, or colleagues using the NCTM Standards approach (Feldt, 1993). 
As Ball (1990a) pointed out, preservice teachers are "unlikely to know mathematics 
in the ways that they will need to in order to teach" (p. 11), and "rarely are teacher education 
students treated as learners who actively construct imderstandings about specific subject 
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matter and its pedagogy" (1988, p. 40); also, preservice teachers show a lack of preparation 
in methods for their teaching mathematics in their future classroom. Experiencing and 
modeling of constructivist-based learning is not practiced widely. 
Because models of teaching are a natural part of methods, developing preservice 
teachers' pedagogy of teaching mathematics should begin in a mathematics methods course. 
According to Ball (1990a), a methods course is not only about obtaining "new ways of 
thinking about teaching and learning", but also "about developing pedagogical ways of 
doing, acting and being as a teacher" (p. 10). However, many preservice elementary teachers 
often assume that "common sense and memories of their own schooling will supply the 
subject matter needed to teach young children" (Feiman-Nemser & Buchmann, 1986, p. 245). 
Similarly, Ball (1990a, 1990c) mentioned that preservice teachers' subject matter and 
pedagogy are mostly based on past their experience as students in classrooms, however, their 
common sense and experiences are not enough to teach mathematics in their classroom. 
Changes and the broadening of technology have resulted in "growth and changes in 
the discipline of mathematics itself', and "the very nature of the problems important to 
mathematics and the methods mathematics use to investigate them" (NCTM, 1989, p. 7-8). 
As a result, the Professional Standards for Teaching (NCTM, 1991) indicated that "To reach 
the goal of developing mathematical power for all students requires the creation of a 
curriculum and an environment, in which teaching and learning are to occur, that are very 
different from much of current practice" (p. 1). 
Several research projects have been conducted to study preservice teachers' 
mathematical and methodological development (e.g., Ball, 1990b, Ball & Wilson, 1990; 
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Simon, 1993, 1995). First, Simon (1993) conducted a study at a large state university to 
ascertain prospective elementary teachers' knowledge of division. Questions were designed 
to focus on two aspects of imderstanding division: connectedness within and between 
procedural and conceptual knowledge of units. The results indicated that the preservice 
teachers' conceptual knowledge was weak in these two areas. 
A three-year Construction of Elementary Mathematics (CEM) project was conducted 
with 26 prospective elementary teachers (Simon, 1995; Simon & Blume, 1994). The project 
studied preservice teachers in an experimental teacher preparation program designed to 
increase their mathematical knowledge and to support their development of views of 
mathematics, learning, and teaching that were consistent with the view of recent reform 
documents from NCTM (Simon, 1995). The main purpose of the course conducted via the 
CEM project was for prospective elementary teachers to learn to identify multiplicative 
relationships. Results of the project revealed that many prospective elementary teachers did 
not have a well-developed concept of the relationship of the length and width of a rectangle 
to its area in terms of multiplication (Simon & Blume, 1994). However, their participation 
with these problems showed their developing more understandings of the areas. 
A Teacher Education and Learning to Teach study was conducted at Michigan State 
University to investigate teachers' mathematical knowledge and their preparation for 
teaching mathematics (Ball, 1990b; Ball & Wilson, 1990). The study involved 19 preservice 
elementary and secondary teachers. According to Ball (1990b), these preservice teachers' 
knowledge and beliefs about mathematics were evaluated in the following areas: division 
with fractions, division by zero, and division with algebraic equations. Ball and Wilson 
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(1990) found that neither group was prepared "to teach mathematics for understanding nor to 
teach mathematics in a way that differs the traditional pedagogy of telling and drilling 
algorithms into students" (p. 10), and that neither elementary education majors nor the 
mathematics majors showed conceptual understanding of elementary mathematics. As 
described in this subsection, preservice elementary mathematics teachers generally do not 
possess well-developed mathematical conceptual knowledge and are not prepared to teach 
based on the NCTM Standards. 
Preservice teachers' attitudes toward mathematics 
Hart (1989) noted that "attitude is generally defined by psychologists as 
predisposition to respond in a favorable or unfavorable way with respect to a given object" 
(p. 39). Aiken (1972) defined attitude as "enjoyment, interest, and to some extent level of 
anxiety" (p. 229). The significance of teachers' attitudes toward mathematics in their 
teaching of mathematics is described in the Handbook of the NCTM (1996-1997): 
"Educators, including parents, teachers, counselors, and administrators, are positioned to 
influence the formation of students' attitudes toward, and perceptions about, mathematics" 
(p. 19). Hyde (1989) and Aiken (1972) especially indicated the importance of teacher's 
attitudes toward mathematics as well as of teaching mathematics: 
Equally important are teachers' beliefs, attitudes, and feelings about 
mathematics, their own mathematical thinking, and the teaching of 
mathematics. They must develop some level of confidence and competence in 
doing mathematics (Hyde, 1989, p. 225). 
Teachers' attitudes and effectiveness in mathematics are viewed as being 
prime determinants of students' attitudes and performance in the subject 
(Aiken, 1972, p. 232). 
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A number of research projects have been conducted regarding the relationship 
between achievement and attitude of students (e.g., Abrego, 1966; Hart, 1989; Sharp-Laird, 
1992). In an experimental study. Caraway (1985) found that there was a significant positive 
relationship between ability in elementary school mathematics and mathematics attimde 
among elementary education majors. Hart (1989) claimed that "the relationship between 
attitudes and achievement in mathematics is reciprocal, with positive attitudes leading to 
greater learning and increased understanding leading to more positive attitudes" (p. 38). In a 
study of elementary students' attitudes toward mathematics, Abrego (1966) posited that 
students who succeed in mathematics have a positive attitude toward mathematics. 
Furthermore, in their study of low level achievers in arithmetic, Lyda and Morse (1963) 
pointed out that "associated with meaningful methods of teaching arithmetic and change in 
attitude are significant gains in arithmetic achievement" (p. 138). 
Henn (1989) and McNemey (1969) reported that the mathematics attitudes of 
preservice elementary teachers can be changed. In a study of preservice mathematics 
teachers' attitude toward mathematics, Shaip-Laird (1992) revealed that preservice 
elementary teachers who regxilarly experienced non-routine problem solving situations 
showed a significant improvement in mathematics attitudes. 
Preservice mathematics teachers' lack of preparation for teaching mathematics can be 
explained by their negative attitude toward mathematics. Nevertheless, to demonstrate a 
positive attitude toward mathematics, mathematics teachers must believe that they and their 
students are capable of learning mathematics. Therefore methods of helping teachers change 
or improve in teaching mathematics mxist address more than just their knowledge. 
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Dutton (1961,1962,1965) developed an arithmetic scale to conduct research to 
measure preservice elementary mathematics teachers' attitude toward arithmetic. The 
reliability of the experimental scale was measured by the test-retest procedure. Taking an 
average scale value for the total test for each participant, the correlation between the two test 
scores was .94. Dutton (1961) measured the respondents' attitude by asking them to check 
statements with which they agreed and not to mark those statements with which they 
disagreed. A weight was placed on each statement, using a quantification scheme ranging 
from 10.5 to 1.0 which indicated varying degrees of favorable to unfavorable attitudes toward 
mathematics. For example, the statement "Arithmetic thrills me and I like it better than other 
subject" was valued at 10.5 whereas "I detest arithmetic and avoid using it at all times" was 
valued at 1.0. Dutton (1965) used this scale in another study of attitudes toward arithmetic of 
preservice elementary school teachers enrolled in a mathematics methods course. 
Constructivism, a theory of learning and teaching in which leamers actively engage in 
their learning so that they can construct their own knowledge, calls for the use of new 
teaching and learning environments in a meaningful way. In mathematics education, the 
reform with the NCTM Standards and constructivism-based teaching-learning approach has 
required mathematics educators to change their concepts of teaching and learning 
mathematics. However, preservice elementary mathematics teachers are not well-prepared to 
teach elementary mathematics based on the NCTM Standards and constructivism. Little 
research exists about the implementation of teaching elementary mathematics in this manner. 
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The Use and Integration of Computer-Related Technologies in Education 
In recent years, one of the most promising innovations for helping teachers improve 
the teaching of mathematics has been the computer and computer-related technologies. 
Thousands of instructional technologies have become available to teachers, from traditional 
drill and practice and tutorial software to hypermedia, multimedia and telecommunication. 
The use of computer-related technology in K-12 schools is well documented (Office of 
Technology Assessment, 1988, 1995). Over nearly 20 years, the instructional use of 
computer-related technologies has evolved from reinforcement of rote learning activities to 
multipurpose productivity tools. 
There exists a great amount of data and information related to the use of more 
powerfiil and faster technology. O'Neil (1995) indicated the potential of technology in 
education. Technology can support a wide and divergent range of educational purposes and 
amplify the effect on student learning by helping smdents establish a supportive 
infrastructure that makes it possible to use these powerful modes without burning out student 
interest. 
According to Willis and Mehlinger (1996), there have been two broad approaches to 
the use of technology in education. One is based on behavioral theories; the other is based on 
cognitive/constnictive theories. During much of the 1980s, behavioral theories dominated 
the area of educational computing with examples such as tutorials and drill and practice 
programs. Teacher-centered education, which emphasizes learner outcomes as measured by 
behavioral objectives, views the learner as a passive participant responding to stimuli from 
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the teacher. Based on psychological research by Pavlov (1927) and Skinner (1954, 1971), 
behaviorism was widely accepted as a positive educational practice until recently. 
The behaviorism-based model views teaching as a well-structured activity that can be 
taught as a set of drills. A number of computer program and packages based on behaviorism 
have been designed and used for two decades (e.g., Campbell-Bonar & Grisdale, 1991; 
Nason, 1991). For example, a simulation called "Teaching Worlds" (Strang, Hoffinan, & 
Abide, 1992) presents a student teacher in a class in which graphic images of students' heads 
are represented on the computer screen to teach classroom management skills. The role of 
the student teacher was to deliver instruction to the students and to handle any possible 
behavior problems. 
However, even though behavioral models have been developed, there has been a 
growing change to implement constructivism in education. Constructivism emerged from 
developmental theorists such as Dewey (1938, 1963), Piaget (1970), and Vygotsky (Moll, 
1992; Vygotsky, 1978, 1987). Also emerging was the concept of student-oriented education, 
which was rooted in cognitive theory by Piaget (1970), Bruner (1986), and Papert (1980). 
Student-oriented education emphasizes that the learners are considered active participants. 
One of the popular programs used in many schools throughout the 1980's was Logo. 
Developed by Papert (1980), Logo is based on Piagetian cognitive theory. Papert (1980, 
1987), the Massachusetts Institute of Technology (MIT) professor responsible for developing 
Logo, an exploratory environment where children could hypothesize and test their 
mathematical ideas, made significant contributions not only to computer-supported learning, 
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to but also education in general. In the book, Mindstorms (1980), Papert talked about how 
children could use Logo to make mathematics meaningful to themselves. 
By the end of the 1980's, a significant amount of iimovative, student-centered 
educational computer programs, such as multimedia, microworld, simulations, and problem-
solving programs, were developed based on cognitive theory about teaching and learning. 
Materials developed by the Vanderbilt University group are examples of how cognitive 
constructivist theory can be applied to education. The Vanderbilt University group designed 
a number of instructional packages related to teacher education which involve constructivist 
learning approaches (Bransford, Franks, Vye, & Sherwood, 1989; Goldman & Barron, 1990; 
Risko, 1991; Whitherspoon, Barron, & Goldman, 1991). 
Several other education computer programs have been developed using constructivist 
learning approaches. A series of three videodisc-based cases were used in an undergraduate 
course on remedial reading (Risko, 1991; Yount, McAllister, & Risko, 1991). Several other 
videodisc-based cases were created on science instruction in the elementary grades (Abell, 
Cennamo, & Campell, 1994). In addition, a number of reports were made on the use and 
integration of computer-related technologies in teacher education (e.g., Ford, Whelan, Zink, 
& Goellner, 1992; Reyes, Torp, & Voelker, 1993). 
The use and integration of the computer-related technologies in teacher education 
Recently, there have been a few encouraging efforts by elementary methods faculty in 
teacher preparation programs to use and integrate instructional technologies into teacher 
education. Ford, Whelan, Zink, et al. (1992) developed model lessons of social studies and 
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science methods courses that incorporated technology such as videodiscs and hypermedia 
software. These were presented to teacher education students as demonstrations to stimulate 
discussion. In addition, Woodrow (1992,1994) modeled and taught students to use 
technology in a science methods course at the University of British Columbia. 
Steen and Taylor (1993) developed a working conference model approach to 
instruction and used the model at Columbia University, and at universities in Poland and 
Czechoslovakia. This model involves dividing students into small groups who must 
thoroughly and thoughtfully evaluate a range of instructional software, demonstrate the 
software, defend their evaluations to the whole group, and then create lessons involving the 
selected software. Schmidt, Merkley, Strong and Thompson (1994) described how a 
collaborative team that included technology faculty and methods faculty worked to integrate 
technology into the reading and language arts courses at Iowa State University. 
In other examples of collaborative efforts to develop instructional software, an 
educational videodisc-based software was developed at Ohio State University to teach 
students how to analyze athletic performance (Stroot, Tannehill, & O'Sullivan, 1991). The 
faculty in the Department of Curriculum and Instruction at Northem Illinois University 
developed a collection of videotapes that exemplify many of the effective teaching concepts 
which are part of the curriculiun for gradiaate students in supervision (Reyes, Torp, & 
Voelker, 1993). In their initial course in supervision, students practiced systematic 
observation in actual classrooms. The videotapes were used to show effective teaching 
concepts that the students would be observing. The videotapes helped the students learn the 
concepts as well as recognize this knowledge for a wide variety of classroom situations. 
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As described previously, until recently, research has focused on identifying successful 
computer-related technology integration programs in K-12 schools and teacher education. 
Furthermore, it has been acknowledged that preservice mathematics teachers must have 
experiences throughout their preparation program to prepare them to use computer-related 
technologies for teaching and learning mathematics in K-12 classrooms (Goldman & Barron, 
1990). 
The use and integration of computer-related technologies in mathematics education 
Elementary teachers are required to be more proficient in using and helping students 
use instructional technologies to develop, enhance, and expand students' understanding of 
mathematics by encouraging mathematical investigations at all levels (NCTM, 1991). These 
technologies include computers, appropriate calculators, videodiscs, CD-ROMs, 
telecommimications, and other emerging educational technologies. 
The uses and integration of instructional technologies in mathematics education are 
well documented (e.g., Clements 8c Gullo, 1984; Dreyfus & Halevi, 1990; Dugdale, 1982; 
Goldman & Barron, 1990; Magidson, 1992; Miller, Kelly, & Kelly, 1988; Schoaff, 1993). A 
smdy on the effectiveness of Logo programming on problem solving and spatial relations 
ability (Miller et al., 1988) was conducted with two fifth-grade and two sixth-grade classes 
who were assigned to either a Logo group or a control group. In the Logo treatment, the 
students were encouraged to plan and produce their own drawings in pairs. The control 
group did not receive any Logo instruction, instead attended regxilar mathematics class. As 
results, the Logo group showed significantly higher scores than the control group on the 
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measvires of Logo-related and problem solving skills, and on mental rotations on geometric 
tests. 
To provide entailments of constructivism in a technology-rich classroom, Magidson 
(1992) designed and taught a computer software, GRAPHER, to a Foundations of Algebra 
class with 22 junior high school students about to enter eighth and ninth grade in the summer 
of 1991. The purpose of the program was to enable students to leam about linear functions in 
a technology-rich environment from a constructivist perspective. It was used to help students 
make connections between the algebraic and graphical representations of linear functions. 
Magidson (1992) elaborated on the capability of computers to dynamically display 
simultaneous changes in graphical, algebraic, and tabular representations with rich 
environment for stimulating learning. 
Dreyfus and Halevi (1990) conducted a case study of tenth-grade student computer 
interaction using a program of "Quadfun", a computer-based open-learning mathematical 
enviroimient. According to Dreyfus and Halevi, a learning enviromnent dealing with 
families of quadratic functions provides a framework for exploring questions, such as how 
many and which givens determine a unique parabola as well as how a parabola changes if the 
parameters in its algebraic representation are changed. 
The computer program, "Green Globs and Graphing Equations" (Dugdale, 1982) was 
designed to be a part of a curriculum sequence that uses an intrinsic-models approach to teach 
selected topics in high school algebra. It provides high school students with a rich, 
mathematically accurate environment and the motivation to manipulate that environment to 
leam about graphs of equations. 
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Interactive miUtimedia have found a remarkable niche in use and integration into 
mathematics education for teachers (e.g.. Bitter & Hayfield, 1994; Cognition and Technology 
Group at Vanderbilt, 1990,1991a, 1992b; Goldman & Barron, 1990). For example, an 
interactive video package for teacher education at Vanderbilt University (Goldman & Barron, 
1990; Goldman, Barron, & Witherspoon, 1991) was developed for use in a mathematics 
methods course for prospective elementary teachers to provide a framework for discussing 
how children construct meaning in mathematics. It was developed to provide several case-
based instructional packages that help students develop classroom observation skills they 
frequently lack. 
Furthermore, Goldman and Barron (1990) explained how hypermedia technology can 
be used to achieve these improvements in content methods for preservice teacher education 
courses in Vanderbilt University's elementary teacher education program. It was indicated 
that use of video examples in the mathematics methods courses changed the way preservice 
mathematics teachers teach mathematics. The study showed the potential of hypermedia 
technology for the creation of a new type of teacher education program. 
A "Mathematics and Teaching through Hypermedia" project at Michigan State 
University was designed for teacher educators and preservice teachers (Lampert & Ball, 
1990). The goal was to provide a system that had the potential to alter the way preservice 
teachers think about mathematics and the teaching of mathematics. The project created and 
field-tested a collection of multimedia tools for exploring and constructing knowledge about 
mathematics teaching and learning in elementary schools. The researchers found that the 
project positively influenced preservice elementary teachers to become exemplary teachers of 
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mathematics. They proposed that the system could change the nature of the interaction that 
takes place between researchers and practitioners concerning perceptions of the classroom 
environment and what is needed to improve it. 
A project developed at Arizona State University (Bitter & Hatfield, 1992,1994) 
combines technology, teacher education, and manipulatives to help practicing teachers to 
overcome some of the difBculties in the professional development of teachers. "Teaching 
Mathematics Methods Using Interactive Videodisc" (TMMUTV) is an application of 
multimedia technology to train teachers to use manipulatives in teaching elementary school 
mathematics. This interactive, multimedia-based instructional system was piloted with 
preservice elementary school teachers in mathematics methods classes. The classes 
experienced conventional instruction with a new interactive technological-instructional. An 
analysis of interview data indicated that students were more likely than what many students 
thought that this mode of presentation enhanced their learning of mathematics teaching 
methods as well as their teaching in other fields to incorporate the knowledge they acquired 
from the system into their teaching. Results indicated that teacher education students in the 
treatment group scored higher than those in the control group on each measure of cognitive 
gain, preparedness to teach with geoboards and motivation to teach with geoboards. 
Supported by constructivism, the Cognition and Technology Group at Vanderbilt 
(1991b, 1992c, 1993c) developed the Jasper Series, "The Adventures of Jasper Woodbury." 
According to the Cognition and Technology Group at Vanderbilt (1992c), the Jasper Series is 
a valuable and potential multimedia-based program designed to "motivate students and help 
41 
them leam to think and reason about complex problems" (p. 291). Research based on this 
series is described in the following subsection. 
Videodisc-based situations 
According to Van Haneghan, Barron, Young, Williams, Vye, and Bransford (1992), 
early studies in recreating rich contexts based on videodisc were conducted using 
commercially available movies such as "Raiders of the Lost Ark" and "Swiss Family 
Robinson" (Bransford, Gom, Hasselbring, et al., 1988). For example, as a context for 
teaching mathematics and science, the same scenes from "Raiders of the Lost Ark" were used 
with college and junior high school students. 
Early studies using commercially available movies showed very positive results. 
After problem-solving with video situations, students could bring more specific and relevant 
answers as solutions. However, limitations were found in the use of video tapes. It was 
difficult to find movies having content with naturally occurring problem situations that could 
be exploited for educational purposes (Van Haneghan, Barron, Young, et al., 1992). 
Researchers decided to "create a videodisc whose plot contained naturally occurring 
problem situations, and where the facts needed to solve these problems were included so that 
students could have the opportunities to practice solving them rather than merely watching 
them being solved" (Van Haneghan et al., 1992, p. 21). Thus, "The River Adventure," in 
which a family wins a one-week vacation on a houseboat, was designed to enable viewers to 
acquire all the information necessary to plan for the trip by calculating it based on the 
videodisc. 
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Nevertheless, at the beginning, both regular and special education students had great 
difficulty planning for the trip shown in the video. However, after instruction on two 
problem types (measurement problems and distance/speed problems) with "The River 
Adventure" context designed to facilitate their conceptual understanding of the problems, 
special education students performed very well on both problem types of problems on a 
posttest. This occurred even when the problems contained irrelevant information (Furman et 
al., 1989). It was also foimd that problem-solving instruction using video contexts could help 
students leam to solve mathematics story problems and that this learning could be transferred 
to other contexts (Van Haneghan et al., 1992). 
Thus, by combining knowledge from working with both commercially available 
movies and the videodisc, "The River Adventure," the Cognition and Technology Group at 
Vanderbilt (1994) developed a series of instructional videodiscs. The Adventures of Jasper 
Woodbury, as meaningful contexts for mathematics instruction (Cognition and Technology 
Group at Vanderbilt, 1991b, 1993d; Van Haneghan et al, 1992). 
According to the Cognition and Technology Group at Vanderbilt (1992c), the Jasper 
Series is a multimedia-based program designed to "motivate students and help them leam to 
think and reason about complex problems" (p. 291). As Willis & Mehlinger (1996) indicate, 
the Vanderbilt University group's Jasper Series are valuable and potential examples of how 
cognitive constructivism can be applied to education. 
The development of the "Adventures of Jasper Woodbury" with the perspective of the 
NCTM Standards (1989) suggests many potential changes in classroom mathematics 
activities. There are more emphases on complex, open-ended problem-solving, 
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communication, reasoning, connections from mathematics to other subjects and world 
outside the classroom, and more uses of powerful computer-based tools (Cognition and 
Technology Group at Vanderbilt, 1990, 1992c, 1993a, 1994). Zech, Vye, and Bransford 
(1994) used the multimedia-based Jasper Geometry Adventures, "The Right Angle" and "The 
Great Circle Race" brought geometry into the classroom with videodisc technology. Post-
usage evaluations revealed that teachers and high school students increased their knowledge 
of ways to apply geometry when solving real-world problem situatioris. 
The theoretical baseline that directs the "Adventures of Jasper Woodbury" is 
constructivism. Several supportive aspects of constructivism on the "Adventures of Jasper 
Woodbury" are discxissed in the following subsection. 
Theoretical framenvork and features of the Adventures of Jasper Woodbury." 
The "Adventures of Jasper Woodbury," as supported by constructivism, has a baseline of 
generative learning, anchored instruction, and cooperative learning (Cognition and 
Technology Group at Vanderbilt, 1990, 1990b). A number of theorists (e.g., Clement, 1982; 
Minstrell, 1989; Resnick & Resnick, 1991) pointed out the significance of assisting students 
in generative rather than passive learning activities. For example, Resnick and Resnick 
(1991) indicated that, in order for concepts and principles to be leamed effectively, "they 
must be used generatively - that is, they have to be called upon over and over again as ways 
to link, interpret and explain new information" (p. 41). In addition, cooperative group 
problem-solving enhances opportunities for students to form communities of inquiry 
enabling the students to discuss, explain, and leam with comprehension for generative 
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learning (Cobb et al., 1992; Davidson, 1990a, 1990b; Palinscar & Brown, 1984,1989; 
Vygotsky, 1978). 
A critical set of principles shapes the growth of anchored instructional environments 
that is derived from the situated cognition framework considered by Brown, Collins, and 
Duguid (1989). This indicates the importance of what we know about cognition and of 
creating apprenticeships combined of authentic tasks defined in terms of "ordinary practices 
of the cultures" (p.34). The essence of the anchored instruction approach is to "anchor" or 
"situate" instruction in meaningful problem-solving environments that, in turn, enable 
teachers to stimulate "in-context" and "macro-context" apprenticeship training in the 
classroom (Brown et al., 1989; Cognition and Technology Group at Vanderbilt, 1990, 1991a, 
1992c, 1994). The major goals of anchored instruction are (1) to produce shared 
environments that make connections with students' intuitive knowledge, (2) to allow 
sustained exploration by teachers and students, and (3) to enable the students to comprehend 
the kinds of problems and opportunities that experts in various areas encounter and the 
knowledge that these experts use as tools when they need to learn new facts (Cognition and 
Technology Group at Vanderbilt, 1992a). 
As supported by constructivism with the baseline of generative learning, anchored 
instruction and cooperative learning, the Jasper Series consists of complex problems from 
video-based, narrative adventures in which students are likely to attempt to solve the 
problems using information embedded in the narrative. According to the Cognition and 
Technology Group at Vanderbilt(1993d), instructional materials that afford generative 
learning activities have been guided by seven basic design principles (see Table 2). 
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Table 2. Seven design principles underlying the "Jasper Adventure Series" 
Design principle Hypothesized benefits 
1. Video-based format 
2. Narrative with realistic problems 
(rather than a lecture on video) 
3. Generative format (i.e., the stories 
end & students must generate the 
problems to be solved) 
4. Embedded data design (i.e., all the 
data needed to solve the problems are 
in the video) 
5. Problem complexity (i.e., each 
adventure involves a problem of at 
least 14 steps) 
6. Pairs of related adventures 
7. Links across the curriculimi 
More motivating 
Easier to search 
Supports complex comprehension 
Especially helpful for poor readers yet it can 
also support reading 
Easier to remember 
More engaging 
Primes students to notice the relevance of 
mathematics and reasoning for every events 
Motivating to determine the ending 
Teaches students to find and define 
problems to be solved 
Provides enhanced opportunities for 
reasoning 
Permits reasoned decision making 
Motivating to find 
Puts students on an "even keel" with respect 
to relevant knowledge 
Clarifies how relevance of data depends on 
specific goals 
Overcomes the tendency to try for a few 
minutes & then give up 
Introduces levels of complexity 
characteristic of real problems 
Helps students deal with complexity 
Develops confidence in abilities 
Provides extra practice on core schema 
Helps clarify what can be and what caimot. 
Illustrates analogical thinking. 
Helps extend mathematical thinking to other 
areas (e.g., history; science) 
Encourages the integration of knowledge 
Supports information finding and publishing 
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For each adventure in the Jasper Series, a 15- to 20-niinute story provides multiple 
opportunities for problem solving, reasoning, communication, and making connections to 
other areas such as science, social science, literature, and history (NCTM, 1989; Cognition 
and Technology Group at Vanderbilt, 1993d). At the end of each story, the major character is 
faced with a challenge that the students must solve before they are allowed to see how the 
character solved the challenge. 
The story "Rescue at Boone's Meadow" used in this research implies that Jasper's 
friend Larry has just taught another friend, Emily, to fly an ultralight airplane. Jasper and his 
friends discuss his coming trip to Boone's Meadow. On the trip, Jasper finds a badly 
wounded eagle that needs emergency care. The challenge is for students to analyze 
alternative ways Emily can help Jasper rescue the eagle in a timely fashion. 
The mathematical skills underlined in "Rescue at Boone's Meadow" are 
whole number operations, fractions, decimals, ratios/proportions measurement,, 
distance/length, time, and problem solving. The following outlines the equipment needed to 
the program of "Rescue at Boone's Meadow." 
• Monitor or TV 
• Videodisk player with the hand-held controller and/or bar-code reader 
• Jasper Videodisk controller software: a software program for the Macintosh 
computer that provides a visiial way of selecting scenes in a Jasper episode. 
Research on the "Adventures of Jasper Woodbury." Regarding the use of the 
"Adventures of Jasper Woodbury" in the classroom, a number of research studies were 
implemented (e.g.. Cognition and Technology Group at Vanderbilt, 1992c, 1992d, 1993c; 
Pellegrino, Hickey, Heath, et al., 1991). During the 1990-1991 academic year, the Jasper 
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Series was implemented in 739 public elementary schools with students from 37 fifth grade, 
sixth grade, or mixed grade classrooms in nine states with the support of corporate sponsors. 
The "Adventures of Jasper Woodbury" was examined by using an assessment design 
that included begiiming- and end-of-year measures of attitude toward mathematics, word 
problem solution, and problem-planning skills. In this study, four test instruments: the basic 
mathematics concepts test, word problem test, planning test, and the math attitudes 
questioimaire, were developed and used to assess the effects of the Jasper program 
(Cognition and Technology Group at Vanderbilt, 1992c). 
It was foxmd, for example, that students from the Jasper classrooms scored higher on 
the planning problems test than the students from non-Jasper control classrooms. In addition, 
Jasper students showed significantly improved attitudes toward mathematics as compared to 
the control group students. It was indicated that participant teachers who were evaluated on 
their own professional development during the two-week workshop showed significant 
improvement in skills related to instructional technologies such as HyperCard, 
teleconununication, and Macintosh skills as well as teaching Jasper (Cognition and 
Technology Group at Vanderbilt, 1994). 
The Need for the Use and Integration of Technologies in Teacher Education 
During the past two decades, a great number of technologies have become accessible 
to K-12 teachers and smdents (Becker, 1991) "the number of microcomputers and computer 
terminals in U.S. schools increased by nearly 50-fold from fewer than 50,000 to roughly 
2,400,000" (p. 385). Even though it has been discussed that the potential uses of and 
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advantages of computer-related technologies in improving of teaching and learning in 
schools are great (NCTM, 1989,1991: Office of Technology Assessment, 1988, 1995), 
counting the numbers of computers has no significance. Teachers have not been given the 
time and the opportunities to leam how to use, integrate, and develop these technologies 
throughout the K-12 curriculxim (Office of Technology Assessment, 1995). 
It has been reported that most faculty and students of preservice teacher programs 
have not used technology as a natural instructional tool (e.g.. Handler & Pigott, 1994; Novak, 
1991; Novak & Knowles, 1991). For example, a University ofNorthem Iowa smdy 
conducted by Fratianni, Decker, and Korver-Baum (1990) found only 19% of the smdents in 
their student teaching semester perceived that they were adequately prepared to use 
technology in their classroom, and 67% perceived that a course of educational computing 
should be required. 
Novak (1991) studied the ways in which beginning elementary teachers in Michigan 
used in computers in their classroom and concluded that the teachers did not know about the 
many instructional strategies for using a computer for whole-group instruction. In addition, 
the teachers were not aware of the software packages that supported these strategies. The 
teachers were also, "xonfamiliar with most software and had difficulty in locating programs to 
truly meet their instructional needs" (p. 266). 
In another study, Handler and Pigott (1994) surveyed teacher education students in 
the Midwest one year after graduation and found that only 16% felt adequately prepared by 
their teacher education program to use computers as instructional tools. In a study at San 
Diego State University (Mathison, 1986), the majority of the teacher education smdents (85) 
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rated computer-related skills as important, but only 10% felt that the training they received in 
the teacher education program was adequate. 
To maximize its potential, technology needs to be lased in a way to empower students 
who have different learning styles. However, technology is not the answer to moving toward 
implementing educational reform, but just a vehicle to be used to move in that direction 
(Clack, 1983). Fulton (1989) pointed "Computer, though powerfiil, are not self-
implementing, They do not replace the classroom teacher" (p. 18). The critical factor for 
capitalizing on the instructional potential of computer-related technology in this environment 
is the role of teacher. Nevertheless, most K-12 teachers are not trained in this maimer. Some 
studies reported that, generally, teachers had little confidence and were anxious attitude 
toward technology, and that the majority of teacher education students were somewhat 
anxious about computers and felt unprepared to use them (e.g., Blythe & Nuttal, 1992; 
Johnson & Hoot, 1986; Mueller et al., 1991). 
Teachers' attitude toward computers and computer-related technology 
The attitudes of preservice and in-service teachers toward computers have been 
studied (e.g., Bitter & Davis, 1985; Koohang, 1987; Schmidt, 1991; Woodrow, 1991). 
Studies about the relationship of teachers' attitudes toward technology and their teaching 
have indicated that teachers with more experience in using computers have greater 
confidence in their abilities and more positive attitudes toward computers (Koohang, 1987; 
Loyd & Gressard, 1984). 
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Many teacher education students are not anxious about computers (Beers, Orzech, & 
Parsons, 1992; Himt & Bohlin, 1992). However, some studies showed that most teacher 
education students are somewhat anxious about technologies and feel unprepared to use 
them, yet they want to learn about computers and computer-related technology (Blythe & 
Nuttal, 1992; Johnson & Hoot, 1986; Lichtman, 1979; Mueller et al., 1991). 
During the past decade, instructional technologies, such as computers, CD-ROMs, 
multimedia, and telecommunication, have become available for teacher educators and 
teachers (Becker, 1990; Office of Technology Assessment, 1988,1995). Results of a survey 
of teacher educators and student teachers conducted in 1987 by the American Association of 
Colleges for Teacher Education (AACTE), found that only 29% of the students felt that they 
were prepared to teach with computers. In addition, many teachers reported their hesitation 
to use the instructional technologies (Cox, Rhodes, & Hall, 1988). Schmidt (1991) explained 
this teachers reluctance due to teachers' attitude toward computer-related technologies. 
Teacher attitudes toward computer-related technologies have been surveyed (for 
example. Bitter & Davis, 1985; Center for Educational Statistics, 1986; Killian, 1984; 
Schmidt, 1991,1995). In 1982,238 Nebraska K-12 teachers participated in a "Computers in 
Education Survey" focused on educators' perceptions and expectations of the role of 
computers (Stevens, 1983-1984). Respondents indicated that computers in education would 
have a strong influence on their future teaching However, 43% indicated that they were not 
willing to change their instructional skills in using computers. In addition, over 75% of the 
teachers considered their teaching styles as not being conductive to instructional computers. 
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Findings from surveys of teachers' attitudes toward computer and computer-related 
technologies showed that the majority of teachers viewed computers as a usefiil instructional 
tools in education. However, it was also found that most teachers were not prepared for 
teaching with computer-related technologies. Furthermore, the need for the use and 
integration of instructional technology in creating mathematics environment is documented 
well with the goal of developing mathematical power for all students by NCTM (1991) such 
that mathematics teachers should be more proficient in "using, and helping students use, 
technology and other tools to pursue mathematical investigations" (p. 1). 
The need for the computer-related technologies in preservice teacher education 
The role of teacher education in the future was well described. "If teacher education is 
to meet its responsibility to prepare teachers for the information age, then teacher educators 
have a professional responsibility to provide leadership in developmg the full potential of 
existing and emergent technologies in teacher training" (Brook & Kopp, 1989, p.2). 
Furthermore, even though there is a demanding need to substantially increase the amount and 
qxiality of instruction which preservice teachers receive about technology in education, 
however, technology is only a partial answer to moving toward student-centered education. 
Research has shown that the most critical factor for capitalizing on the instructional potential 
of computer-related technologies is to focus upon the role of the teacher in this environment. 
Recent surveys report that teachers in the United States have had litde or no education 
on how to apply technology to teaching and learning (International Association for the 
Evaluation of Educational Achievement, 1992; Scrogan, 1989; Sheingold & Hadley, 1990; 
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Office of Technology Assessment, 1988, 1995; Willis & Mehlinger, 1994). The OfiBce of 
Technology Assessment (1988) reported that only about one-third of all K-12 teachers have 
had 10 hours of computer training. Many K-12 teachers reported that they had been 
inadequately trained to use computer-related technologies (Fulton, 1989; Office of 
Technology Assessment, 1995). 
Recently, Willis and Mehlinger (1996) indicated that most preservice teachers know 
very little about the effective use of technology in education. Nevertheless, teachers need to 
be encouraged to be facilitators of learning in order to be prepared to teach thinking skills, 
rather than being lecturers, the sole source of information, or test givers. The use of 
appropriate computer-related technologies wall enable teachers to create a manageable 
environment to focus on thinking. Therefore, preservice mathematics teachers of the 21st 
century will be faced with the concern and need to enter the profession with the ability to 
effectively use and integrate technologies to strengthen teaching and learning mathematics. 
Beichner (1993) suggested that educators must show preservice teachers how to take 
advantage of the capabihties of educational technology, while also making them aware of its 
limitations. Teacher preparation programs must be designed so that student teachers 
understand, develop, and practice the skills they need to acquire a meaningful understanding 
and use of integrated technology throughout the entire program (Barone, Berliner, Blanchard, 
et al., 1996; Willis & Mehlinger, 1996). Therefore, additional research is needed to describe 
how to use and integrate computer-related technology into mathematics teacher education 
programs and to provide worthy examples of the uses and integration of technology into 
mathematics classrooms. 
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Summary 
In this chapter, the constructivist philosophy and the reform on mathematics 
education with the NCTM Standards were presented whereby learners can actively engage in 
the process of making sense of their environment and experiences so that they create their 
own knowledge. The reform for mathematics education requires mathematics educators to 
change their teaching and learning of mathematics in that manner. However, little research 
exists about preservice elementary mathematics teachers' preparation to teach mathematics in 
that manner. 
In recent years, one of the most promising new methods for allowing teachers to 
improve their teaching mathematics has been the computer-related technologies. Even 
though, thousands of computer-related technologies have become available to teachers, little 
research exists about current state of constructivist-based use and integration of technologies 
in preservice teacher education programs. The case was made whereby the method of 
education of mathematics teachers should enable preservice, inservice and student teachers 
not only to better understand mathematics concepts but also to embrace integrated, 
multimedia technology as powerful tools for curriculum development and instruction and 
collaborative methods to enhance teaching and learning through practice. Several strategies 
and videodiscs were presented to introduce constructivist-based miiltimedia for decision­
making about teaching strategies and attitudes. 
"Since teachers teach much as they were taught, university courses for prospective 
teachers must exemplify the highest standards for instruction" (National Research Council, 
1989, p. 65). Thus, teacher education programs will require "substantial changes in the 
54 
philosophy and strategies of mathematics and mathematics education instructors at the 
college level and beyond" and instructors will need to "experiment with new tasks, tools, and 
models of classroom interaction as well as to share and model new instructional strategies" 
(NCTM, 1991, p. 128). 
Further, preservice teacher education programs have significant potentials in future 
computer-related technology use by preparing preservice teachers who amplify their teaching 
by practicing of using and integrating computer-related technologies. With meaningful 
practice to their teaching, preservice elementary mathematics teachers will mdertake to 
reconstruct their comprehension of their students' stages and the meanings of mathematics 
concepts so that they will develop strategies in teaching meaningful and powerful 
mathematics concepts in the classroom in the 21st century. 
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CHAPTERS. METHODOLOGY 
Introduction 
In this chapter, the methods and procedures used to examine the effects of using 
constructivist-based instruction including the use of multimedia on preservice elementary 
school teachers mathematics teaching strategies and attitudes toward mathematics and 
computer-related technology are described. This study was conducted for preservice teacher 
education students using multimedia materials, mainly the "Adventures of Jasper Woodbury" 
developed by the Cognition and Technology Group at Vanderbilt (1991b, 1992c, 1992d). 
The "Adventures of Jasper Woodbury," is a videodisc-based series designed to promote 
mathematical problem finding and solving, mathematical reasoning, and effective 
communication. It was developed from the perspective of constructivism and the NCTM 
Standards. The chapter includes the following eight sections: (a) Sample; (b) Research 
Design; (c) Instructional Materials; (d) Procedures; (e) Test Instruments; (f) Data Collection 
Procedures; (g) Data Analyses; and (h) Results of the Pilot Study. 
Sample 
Preservice elementary teachers at large mid-westem United States universities were 
the population of this study. The participants were 73 preservice teachers who were enrolled 
in an elementary education methods course. The Teaching of Mathematics, in the Fall 
semester of 1996 at Iowa State University. Taken during the junior or senior year, the 3-
semester credit mathematics methods course is designed to teach future mathematics teachers 
how to teach mathematics to children (ages 5-12). 
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This 15-week course emphasizes developmental activities, teaching methods, and 
current mathematics education programs, including methodology and procedures for teaching 
elementary mathematics. The preparation of all educational personnel at Iowa State is 
anchored in a foundation of professional knowledge, which is divided into four categories: 
(a) groups and institutions; (b) learning and students; (c) teaching and plarming; and (d) 
clinical application and practice. This course included two weeks (6 clock hours) of 
problem-solving, technology, and a ratio and proportions unit. 
Demographics 
Dtiring the semester (Fall of 1996), no one dropped out of the course. Seventy-three 
students, including 28 students from the treatment group, 18 students from comparison group 
1, and 27 students from comparison group 2, participated in this study. Four students, 
including one student from the treatment group and three students from comparison group 2, 
exercised their rights as human subjects and for undisclosed reasons chose not to participate 
in this study. 
Prior to conducting the study, a copy of the research methodology was submitted to 
the Human Subject Review Committee at Iowa State University to ensure that the rights of 
the human subjects were adeqxiately protected, confidentiality of data was maintained, and 
informed consent of participation was obtained from each inservice teacher. The Human 
Subjects Approval Form is shown in Appendix A. 
At the beginning of the course, sample students were given a demographic 
questionnaire (see Appendix B) designed to provide information on both academic 
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background and computer experience. The demographic information was used to examine 
the homogeneity of the treatment and two comparison groups. A complete breakdown of the 
demographics appears in Appendix C. 
Gender. The majority of students enrolled in the course were female. Eighty-nine 
percent of the total sample was female and 11% was male. Eighty-nine percent of the 
treatment group was female, and 11% was male. Ninety-four percent of the comparison 
group 1 was female, and 6% was male. Eighty-five percent of the comparison group 2 was 
female, and 15% was male. 
College major. The majority (77%) of students enrolled in the course were 
elementary education majors who, upon graduation, will be licensed to teach children from 5-
12 years of age. Of the remaining class members, 22% were early childhood education 
majors and 1% had dual majors in elementary education and early childhood education. 
Upon graduation, the early childhood majors will be licensed to teach children from birth-8 
years of age. 
The college major distribution information for the treatment group showed that 71.4% 
of the treatment group participants were elementary education majors, 25% were early 
childhood education majors, and 3.6% were dual majors. In comparison group 1, 77.8% 
were elementary education majors and 22.2% were early childhood education majors. In 
comparison group 2, 81.5% were elementary education majors and 18.5% were early 
childhood education majors. 
Class standing. The majority of students enrolled in the course were seniors. A 
breakdown of the data indicated that the sample consisted of 1.4% juniors, 93.2% seniors, 
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and 5.5% 5th-year students. Of the treatment group, 3.6% were juniors, 92.9% were seniors, 
and 3.6% were 5th-year students. In comparison group 1,94.4% were seniors and 5.6% were 
5th year students. Finally, in comparison group 2,92.6% were seniors and 7.4% were 5th-
year students. 
Self-reported GPA. The participants were asked to volimtarily report their grade 
point average (GPA) scores on the demographic questionnaire. The mean for all participants 
was 3.19 and the standard deviation was .378. For the treatment group, the mean GPA was 
3.21 and the standard deviation was .448. For comparison group 1, the mean GPA was 3.21 
and the standard deviation was .265. Similarly, for comparison group 2, the mean GPA was 
3.15 and the standard deviation was .366. 
Mathematics background. The participants were asked to report their mathematics 
background by indicating the number of mathematics course taken in high school. The 
courses were categorized into algebra, advanced algebra, geometry, mathematical analysis, 
and calculus. The data indicated that 1.4% of the participants had taken only one of the high 
school mathematics courses listed, 17.8% had taken two, 58.9% had taken three, 17.8% had 
taken four, and 4.1% had taken all five of the listed mathematics courses. 
A further breakdown of mathematics background showed that in the treatment group, 
3.6% of the participants had taken only one mathematics course, 28.6% had taken two, 
53.6% had taken three, 10.7% had taken four, and 3.6% had taken all of the five listed 
mathematics courses. In comparison group 1,11.1% of the participants had taken two 
mathematics courses, 61.1% had taken three, and 27.8% had taken four. Finally, in 
comparison group 2, 11.1% of the participants had taken two mathematics courses, 63.0% 
59 
had taken three, 18.5% had taken four, and 7.4% had taken all five of the listed mathematics 
courses. 
Computer software program experience. In order to determine their experience with 
computer software packages, the participants were asked to report the kinds of 
microcomputer software packages they had used. The categories included word processing, 
desktop publishing, database management, spreadsheets, programming (e.g., Logo), 
educational software, graphic tools, interactive multimedia, and electronic networks. All of 
the participants had experience with word processing, desktop publishing, and graphic tool 
softwares. Several students had additional technology experience. Eighty-two percent of the 
sample had additional experience with database management; 91.8%, with spreadsheets; 
76.7%, with programming; 87.7%, with educational software; 95.9%, with interactive 
multimedia; and 98.6%, with electronic networks. 
Instructors 
Three instructors were involved with this study. The instructor for the treatment 
group had 12 years of teaching mathematics or mathematics education at both the college and 
junior high school levels. In particular, she taught the mathematics content course for 2 
years, and the mathematics methods course associated with this study for 7 years. Prior to 
the semester described in this study, she had been twice recognized by the university for 
excellence in teaching. 
The instructor of comparison group 1 had 23 years of teaching mathematics at both 
the college and high school levels. In particular, for 8 years, she successfully taught the 
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elementary mathematics content course that serves as the pre-requisite for the elementary 
mathematics methods course associated with this study. She has been nominated for the 
Presidential Award for Excellence in Teaching and recognized by the university for 
excellence in teaching. 
The instructor of comparison group 2 had 33 years of teaching experience at both the 
college and public school levels. He received a number of university grants related to 
teaching, as well as being recognized by the university for excellence in teaching. In 
particular, he has continuously taught the elementary mathematics methods course associated 
with this study. In fact, he also developed a graduate elementary methods course, similarly 
based on Piagetian philosophy. 
Instructions 
The instructors for the comparison 1 and the treatment groups jointly developed and 
used the same syllabus, assignments, and calendar. The instructor for the comparison group 
2 followed a very similar calendar and syllabus. Instructors for all sections used the same 
textbooks (VanDe Walle, 1994; Welchman-Tischler, 1992; Zaslavsky, 1994). 
The instructors for all three groups used the NCTM curriculum standards and 
professional standards in planning and teaching the elementary mathematics methods course. 
The NCTM standards are based on the constructivist theories of the learning processes. In 
fact, all participants in all three groups studied the NCTM standards and applied them into 
assignments. The approach in all 3 sections can be characterized as constructivist and in line 
with the NCTM curriculum for the teaching and learning of mathematics methods. For 
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example, each instructor made extensive use of a variety of mathematics manipulatives (e.g., 
base-ten blocks, tangrams, attribute blocks, and pattern blocks). 
Because of all three instructors' basic teaching philosophies, all sections emphasized 
elementary mathematics learning based on Piagetian and constructivist theories. The 
textbook (used by all sections) dedicated chapters 2 and 3 to understanding these theories and 
integrated this approach to learning specific content throughout the remainder of the book. 
Although such similarities in instruction clearly provide similar constructivist-based learning 
experiences to all participants, because each of the sections was taught by a different 
instructor, care was exercised in interpreting results. 
Research Design 
Due to the complex schedules of the students, it was not possible to randomly assign 
each participant to either the treatment or comparison groups. Enrollment in three sections of 
the course ranged firom 18 to 28 students. The sample size was 73:28 (treatment group); 18 
(comparison group 1); and 27 (comparison group 2). All sections of the course were 
involved in the study. 
The instructors of each section (treatment, comparison 1, and comparison 2) of the 
course were different. After the treatment group and its instructor were selected, the rest of 
the groups were randomly assigned as either comparison group 1 or comparison group 2. 
The current college GPA and number of high school mathematics courses taken were 
computed to test the equivalence of the three groups. The results showed that there were no 
significant differences among the three groups based on the variables of gender, college 
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major, class standing, self-reported GPA scores, mathematics courses taken in high school, 
and computer software program experience. 
Experimental procedures 
In addition to the demographic questionnaire, at the beginning of the semester, 
students in the treatment and comparison group 1 were assessed in five areas: (1) 
mathematics attitude (questionnaire with a Thurstone scale); (2) computer-related 
technologies attitude toward skills of computer-related technology (questionnaire with a 5-
point Likert scale); (3) basic mathematics concepts (test); (4) word problems (test); and (5) 
problem-planning to solve a problem (test). 
Originally developed by the Cognition and Technology Group at Vanderbilt 
(Cognition and Technology Group at Vanderbilt, 1992c; Pellegrino, Hickey, Heath, et al., 
1991), the three tests were modified by the researcher after the pilot study. The procedures 
(see Appendix D), three questionnaires including demographic information (see Appendix 
E), mathematics attitude survey (see Appendix F), and computer-related technologies 
questiomiaire (see Appendix G), and three test instruments including the basic mathematics 
concept test (see Appendix H), the word problem test (see Appendix I), and the problem-
planning test (see Appendix J) used in the pilot study appear in Appendices D, E, F, G, H, I, 
and J. 
After the treatment group finished seven weeks of instruction and the comparison 
groups finished eight weeks of instructions (see Table 3), the experiment was completed with 
the groups during the two following weeks of the course. The treatment was conducted 
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Table 3. The procedures for seven/eight weeks and focused-two weeks of the three sections 
TOPIC 
Class 
meeting Treatment Groap Comparison Group 1 Comparison Group 2 
1 Introduction Introduction Orientation and introduction 
2 Classroom environment 
Spatial thinking 
Classroom environment Learning theory applied to 
mathematics 
3 Pre-test 
Cooperative learning task 
Pre-test 
Spatial thinking 
Lesson planning 
Problem solving 
4 Constructivism 
Measurement 
Cooperative learning Processes 
Measurements 
5 Behaviorism 
Concepts/Procedures 
Logical reasoning 
Cooperative learning task Geometry 
Patterns 
6 Assessment Constructivism 
Measurement 
(continued) 
7 Learning theories Behaviorism 
Concepts/Procedures 
Logical reasoning 
Estimation 
8 MCNS Math education 
Congruence/Similarity 
TesselMania! 
Assessment Assessment 
9 2-D Measurement Learning theories Number Concepts and number 
sense 
10 3-D Measurement MCNS Math education 
Congruence/Similarity 
Technology* 
11 Manipulatives 
Place values 
2-D Measurement Basic facts 
12 Large numbers 3-D Measurement Test#l 
13 Concepts/procedures 
Whole number operations 
Manipulatives 
Place values 
Number operations 
14 Whole number operations Large numbers (continued) 
15 Introducing the 
constructivist-based study* 
Concepts/procedures 
Whole number operations 
(continued) 
16 Modeling constructivist-
based instruction using the 
Jasper Series* 
Whole number operations (continued) 
17 (continued) * Using technology decimal 
operations* 
Technology field trip* 
18 Investigating 
Ratios/Proportions* 
Using technology 
Ratios & Proportions* 
Logo* 
19 Post-test Using calculator 
Verifying operations* 
Fractions 
20 Using technology problem 
solving* 
Ratios/Proportions * 
21 Post-test Post-test 
* The focused, two week treatments (4 class meetings; 6 hours) were described. 
64 
during a total of 6 clock hours in the course. The experiment consisted of giving students a 
two-week, constructivist-based treatment instruction using technology. Students in 
comparison groups 1 and 2 were given constructivist-based instruction of the same 
mathematics methods course content. The topics covered for the treatment in all sections 
were: Teaching and Learning via Problem Solving; Technology; and Ratios/Proportions. 
At the conclusion of study of these topics, all students completed each of the 
assessment instruments: mathematics attitude questioimaire; computer attitude questionnaire; 
three tests related to mathematics (basic mathematics concepts, word problems, and problem-
planning problems), and teaching strategy test (see Tables 4 and 5). To avoid pre-test 
sensitization, comparison group 2 did not take pre-test assessments in the mathematics 
attitude questionnaire, computer attitude questionnaire, and the three tests related to 
mathematics (basic mathematics concepts, word problems, and planning problems), whereas 
the treatment group and comparison group 1 took all pre-test measurements. 
Instructional Materials 
Treatment and comparison groups 
The textbook mainly used for all groups was Elementary School Mathematics (Van de 
Walle, 1994). In addition, all instructors and students used manipulatives such as base-ten 
blocks, circle fractions, and pattern blocks. All groups learned about mathematics learning 
through constructivist and behaviorist viewpoints. 
Furthermore, the model classroom in which all groups met, housed Macintosh and/or 
IBM computers with laserdisc and CD-ROM players as well as instructional software related 
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Table 4. Plan for pre- and post-test implementation 
Assessment measure Treatment Comparison 1 Comparison 2 
Demographic questiomiaire * • * 
Pre-test 
Mathematics attitude questionnaire • • 
Computer attitude questionnaire * * 
Basic math concepts * * 
Word problems * * 
Planning problems * * 
Post-test 
Mathematics attitude questionnaire * • * 
Computer attitude questionnaire * • * 
Basic math concepts * * 
Word problems * * * 
Planning problems * * • 
Teaching strategy test * * * 
Table 5. Sequence of experimental study events 
Group Day 1 of Week 1 Week 8-9 Week 10 
Treatment Q1 Qi2Qi3 0 i l  0i2 0i3 X 022 Ql3 O2I 022 023 024 
Comparison 1 QlQl2Qi3 0i lOi20i3 Y O22Q13O2IO22 023 024 
Comparison 2 Q1 Y Q22 Qi3 O2I O22 023 024 
KEY: Q1 : Demographic questionnaire administrated 
Ql2 :  Pre-arithmetic  att i tude quesdonnaire administrated 
Ql3 :  Pre-computer-related technology att i tude quest ionnaire administrated 
X : Instructional treatment of constructivist-based mathematics methods course instruction 
including the use of multimedia 
Y : Instructional treatment of constructivist-based mathematics methods course instruction 
011 :  Pre-basic  mathematics  concept test  
012 : Pre-word problem test 
013 : Pre-planning (generation) problem test 
022 : Post-arithmetic attitude questionnaire administrated 
023 : Post-computer-related technology attitude questionnaire administrated 
021 : Post-basic mathematics concept test 
022 : Post-word problem test 
023 : Post-planning (generation) problem test 
024 : Teaching strategy test 
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to mathematics such as Logo, TesselMania!, and Excel. In fact, the treatment group's 
participants learned "TesselMania! (1995)" program, whereas the comparison 1 group's 
participants used calculators, and whereas the comparison 2 group's participants leamed 
examples of "Logo" procedure program without computer. 
Treatment group 
Instructional materials used exclusively in the treatment group are described as 
follows. First, the treatment instruction involved three main sections: (a) introducing the 
constructivist-based study; (b) modeling constructivist-based instruction using the Jasper 
Series by brainstorming, investigating a problem-solving plan, and presenting ideas; and (c) 
investigating ratios and proportions using a variety of videotapes. 
The primary resource for developing the treatment content was "Rescue at Boone's 
Meadow," an episode of the "Adventures of Jasper Woodbury" series by the Cognition and 
Technology Group at Vanderbilt (1992c). Also used were: video tapes such as "Double-
Column Addition" (Kamii, 1987), "Similarity" (1990), the commercial movies "Honey, I 
Shrunk the Kids" (1989) and "Raiders of the Lost Ark" (1981), and an activity sheet from the 
NCTM Addenda series (NCTM, 1994). 
The treatment group was given a set of worksheets (see Appendix K). Worksheet 1 
guided brainstorming of the overall problem and generating subproblems. Worksheet 2 
facilitated investigating the rescue plan, and Worksheet 3 provided guidance for each group's 
presentation. 
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The following equipment was used to demonstrate the laserdisc program "Rescue at 
Boone's Meadow" and the instructional videotapes to the treatment group: a television; 
desktop projector, 5100-Proxima (multimedia polysilicon projector); videodisk player with a 
hand-held controller and/or bar-code reader; and Jasper videodisk controller software, a 
program for the Macintosh computer that provides a visiaal way of selecting scenes in a 
Jasper Series episode. With the exception of the Proxima, all of the equipment was used by 
the treatment group to display and interact with "Rescue at Boone's Meadow" laserdisc at 
each of five stations. Students worked in groups of 3 and every 2 groups shared a technology 
station. 
Procedures 
Focused two-week experimental treatment 
The focused-experimental treatment instruction involved three main sections. First, 
the constructivist-based instruction study was introduced. Second, a constructivist-based 
study using the Jasper Series was modeled by brainstorming the overall problem and 
generating subproblems, investigating a problem-solving plan, and presenting ideas. Then 
ratio and proportion concepts were investigated using a variety of videotapes. The 
procedures of the experimental treatment are outlined in Table 6. 
Focused two-week instructions of the two comparison groups 
The 18 students from comparison group 1, and 27 students in comparison group 2 
participated in the study. 
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Table 6. Experimental treatment procedures 
Procedure Time Notes 
Day 1: Introduce the constnictivist-based study 
1. Introduction and overall purpose of the study 
Demonstrate Mathematical skills chart to show 
what kinds of content included in this material 
2. Show the story of "Rescue at Boone's 
Meadow" using the videodisc 
3. Divide students in groups. 
4. Clarify the story, terms, and concepts in 
groups. Brainstorm overall goal and 
subproblems in groups. 
5. Brainstorm overall goal and subproblems in 
whole class (See Appendix L for detail). 
6. Demonstrate - Kamii's videotape of "Double-
column addition" (Piaget's theory). Discuss 
constructivism in mathematics education 
10 min 
15 min Students were asked not to take notes 
regarding the story. 
5 min Students randomly assigned to groups. 
IS min Students use Vocabulary handout and fill 
in Worksheet 1 "Brainstorming." 
IS min Students present their group's 
brainstorming and take notes on the 
board. 
20 rain 
Day 2-3: Model constructivist-based instruction 
using the Jasper Series 
1. Discuss constructivism in mathematics 
education and Kamii's double-column addition 
(Piaget's theory) Constructivism 
2. Review the outline of activity. Instructor 
makes some assumptions in solving the rescue 
plans. 
3. Demonstrate how to use videodisc controller 
4. Divide students in groups; 
-Five groups (1-5) 
-Five groups (6-10) 
-Five groups (1-5) 
-Five groups (6-10) 
5. Investigate rescue plan in groups. 
Use brainstorming, investigating a 
problem solving plan, and presenting 
ideas 
20 min 
5 min It was assumed to the students that the 
doctor should stay at bis office and that 
the vehicles which are shown in the 
story can be used. (A 4*4 vehicle is 
unavailable for use in rescue plans.) 
5 min Show videodisc on using the controller. 
15 min 
-Review brainstormed goal and 
subproblems 
-Replay scenes in the video in group and 
frame numbers of scenes to be used. 
-Replay scenes of the video in group and 
frame numbers to be used. 
-Review the brainstormed goal and 
subproblems in group 
20 min Use Worksheet 2 
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Table 6. (continued) 
Procedure Time Notes 
Day 3: Model constructivist-based instruction using 30min Use Woricsheet 3, transparency, colored 
the Jasper Series (continued) pens, etc. 
1. Ask students to prepare for the presentation of 
each groups 
2. Make presentation to whole class; discuss the 30 min 
rescue plan and the effects of the materials used 
in this study and how to use in future classroom 
3. Show students the part of "Solution." 15 min 
Day 4: Investigate ratiot and proportions Use a variety of videotapes 
1. Demonstrate instructional video tape 20 min Discussion follows each viewing. 
"Similarity" and commercial tape "Raiders of 
the Lost Ark" for instructional use. 
2. Demonstrate the commercial movie "Honey, I 60 min Students investigate the ratio and 
Shrunk the Kids" proportion problem from Worksheet. 
Comparison group 1. Comparison group 1 took the pre-tests on the third day and the 
post-tests at the end of the instruction. 
Day 1 (Oct. 28): Using Technology: Decimal Operations 
Activity 1: School Supplies 
Given the following situation, students solved the problem and explained their 
solutions. "It is almost the end of the summer vacation. Your older cousin has a list of 
supplies he needs to start the school year. He has $20 to spend and needs to buy all of these 
supplies: 4 folders, calculators, lined paper (pack of 200), ruler (with both standard and 
metric), one set of 24 felt tip pens, backpack, and 10 pencils." 
He challenges you with the following tasks: 
1. Look at the advertisements from two stores of "Big Bargain" and "Super Value" and 
find out the prices for the things I need. 
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2. I may have time to go to just one store. Make me a list or chart so I can see which store 
is cheaper for everything I need. Show how much cheaper it is. 
3. I may have time to go to both stores. Be sure to show me which of the things I need are 
cheaper at Big Bargain and which are cheaper at Super Value. 
4. Show me how much money I save if I go to both stores. Tell me if you think it's worth 
the trouble to go to both. 
Activity 2: Exploring the effect of the operation on decimals (NCTM, 1994) 
Given the following situation, students solved the problem and explained their 
solutions: "Give each student a calculator and a copy of the Maze (See Appendix M). 
Students are to choose a path through the Maze. To begin, have the students key in 100 on 
the calculator. For each segment chosen on the maze, the students should key in the assigned 
operation and nimiber. The goal is to choose a path that results in the largest value at the 
finish on the maze. Students may not retrace a path or move upward in the maze. 
Day 2 (Oct. 30): Using Technology:Ratios and Proportions 
Activity: Exploring ratios and proportions 
To internalize the concepts of ratios and proportions, students were asked to plot the 
following points on a coordinate system and determine any relationships and whether or not 
the ordered pairs are proportional using calculators: (2,3); (4,6); (3,6); (3,7); (4,10); (8,13); 
(10,15); (6,14); (12,18); (14,21); (4.5,10.5); (1.5,3.5); (3,5.5); (6,15); and (4.5,10.5). Then 
they were asked to determine whether these sets of two nimibers (e.g., x-value: 4, y-value: 6) 
on the xy-plane are positioned on the line equation of y=2/3 x. 
Day 3 (Nov. 4): Using Calculators; verifying operations 
Activity: M& M Slinky Lab (Exploring Linear Data - Spring stretches) 
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The objective was to collect real world data that is linear in nature. In this 
experiment, the stretch of the spring is linear. The distance from the bottom of the film can 
to the floor is a linear function of the # of M & M's in the can. The students do a pencil and 
paper graph with # of M & M's being the independent variable (x) and distance to the floor 
the dependent variable (y). Students determine the line-of-best-fit, the slope and an equation 
to model the data. Then they connect this to data analysis via technology by doing a scatter 
plot on the Texas Instruments (TI-82) graphing calculator. They graph their equation on it to 
see how well it fits and use the calculator to determine the statistical regression equation that 
best models their data. 
Day 4 (Nov. 6): Using Calculators; verifying operations (continued) 
Using Technology: Problem Solving 
After discussing the M & M Slinky Lab activity from the previous class period, 
students list the problem-solving strategies used to complete the activity. This list included 
solving a simple problem, using a model, using word problems, guess and check, relating to 
another real-life situation, drawing pictures, making a diagram and/or chart, and using 
manipulatives. 
Comparison Group 2. Comparison group 2 did not take the pre-tests on the third day, 
but took the post-tests at the end of the instruction. 
Day 1: Technology Field Trip 
In groups, the students were asked to choose three of the following eight CDs: The 
Dinosaurs (1993); Arthur's Birthday (1994); The Animals (1992); World Atlas (1993); Little 
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Monster at School (1978); The Rainforest (1994); Coral Kingdom (1993); and New Kid on 
the Block (1993). Each CD was accompanied by a set of problems. Each group was asked to 
turn in one set of solutions for each of the CDs. For example, students were asked to use the 
CDs to answer the following question on the "New JCid on the Block" (1993) CD package: 
• On a scale of 1 to 10, a 10 means it would take you 5 hours to cool off after eating a bowl 
of chili. What is Tilli's chili rate? 
• Show all of the different ways the performing bananas could be lined up of there must be 
an equal number of bananas in each line. 
• If bananas are 3 poimds for $1.00, approximately how much money would you need in 
order to buy all of the performing bananas (bananas weigh 4-6 ounces each)? 
• Based on what you know about Owen Boimce's weight, estimate how much Bowen 
Ounce weighs. 
Day 2: Logo 
Using the Logo Writer program, the instructor demonstrated examples of Logo 
procedxire program, however, the participants were not exposed to the use of computer. The 
instructor showed the following "SQUARE" procedure program, which included the 
"REPEAT' command: 
TO SQUARE 
REPEAT 4[FD SORT 90] 
END 
In addition, the following "SPIRAL :S" recursion program was shown and students 
were asked to find the difference between the "SQUARE" and the "SPIRAL :S" programs: 
TO SPIRAL :S 
REPEAT 4[FD :SRT90] 
RT30 
SPIRAL :S 
END 
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Afterwards, the "MANYSQUARES" program was shown and discussed how the 
various commands affected the picture: 
TO MANYSQUARES 
SQUARE 50 
RT30 
SQUARE 40 
RT30 
SQUARE 30 
RT30 
SQUARE 20 
RT30 
SQUARE 10 
END 
Day 3 & 4: Ratios and Proportions 
Students were asked to find examples of ratios & proportions, and fractions. The 
instructor provided the definitions of "ratio," "proportion," and "fraction" as well as the 
relationship among the three concepts. 
Students then found three examples of ratios problems from elementary school 
textbooks. These examples included rates, fractions, and also neither ratios nor fractions. 
They also explained about the rationale behind their choice. In addition, students found three 
different examples of problems representing "proportions" and explained why they chose 
those problems. Proportional reasoning was then reviewed and discussed. In a bag filled 
with blocks, fifteen volimteer students were asked to pick a block from the bag and complete 
a chart (see Table 7). The "v"mark matches the color of the block at each trial. After ten 
more selections, students were asked to guess which color of block is most prevalent in the 
bag and to discuss their reasoning. 
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Table 7. Activity "Picking one in a bag" 
No. of picks Blue Red 
1 
2 
3 
Test Instruments 
Seven instruments were lised in this study: 
1. Demographic questionnaire 
2. Attitude toward mathematics questionnaire 
3. Attitude toward computer and computer-related technology questionnaire 
4. Basic mathematics concepts test 
5. Word problem test 
6. Plaiming (generation) problem test 
7. Teaching strategy test. 
The demographic questionnaire provided pre-experimental data. One attitude 
questionnaire measured the participant's attitude toward mathematics and the other toward 
computer-related technologies. The basic mathematics concept test, word problem test, and 
planning-problem test measured the participant's mathematics content knowledge. The 
teaching strategy test measured the extent to which the participant's teaching strategy 
selections for ratios and proportions were constructivist in nature. 
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Development of the questionnaires 
Three questionnaires were used in the study. The &st questionnaire gathered data 
about the participants and the other two questionnaires focused on students attitude. 
Demographic questionnaire. Lee's (1991) demographic questionnaire was revised 
after the pilot study (see Appendix B). Information about students' academic backgrounds as 
well as computer-related technology experiences was gathered. Among the demographic 
items, the following variables were used as pre-experimental measurements in order to 
investigate the homogeneity among treatment, comparison 1, and comparison 2 groups: 
gender, college major, class standing, mathematics courses taken in high school, self-reported 
GPA, and experiences with computer software packages. 
Attitude toward mathematics questionnaire. A mathematics attitude survey 
(Appendix F) developed by the Cognition and Technology Group at Vanderbilt (1992d) was 
used in their research along with the "Adventure of Jasper Woodbury: Assessment of 
Instructional Outcomes." Because the population of their initial study was middle school 
students, a second instrument developed by Dutton (1961) was also used for this study 
because the participants of this research were preservice teachers (see Appendix N). 
Dutton's instrument measures preservice teacher mathematics attitude and has a scale 
with two parts. The first part of the questionnaire requires students to respond to 15 
statements to ascertain their feelings toward mathematics. Each item has a weighted value 
fi-om 1-11 (see Table 8). In order to analyze the attitude toward mathematics data, two 
approaches were used in this study. 
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Table 8. Weighted statements and values for attitudes toward arithmetic questionnaire 
No. Weighted statements 
Weighted 
Value 
Attitude 
(+ or -) 
1 I feel arithmetic is an important part of the school curriculum. 7.2 + 
2 Arithmetic is something you have to do even though it is not 
enjoyable. 
3.3 • 
3 Working with numbers is fun. 8.7 + 
I have never liked arithmetic. f5 
-
5 Arithmetic thrills me and I like it better than any other subject. 10.5 + 
I get no satisfaction from studying arithmetic. 216 -
7 I like arithmetic because the procedures are logical. 7.9 + 
— I am afraid of doing word problems. -
9 I like working all types of arithmetic problems. 9.6 -f-
10 I detest arithmetic and avoid using it at all times. 1.0 -
11 I have a growing appreciation of arithmetic through 
understanding its values, applications and processes. 
8.2 
12 I am completely indifferent to arithmetic. 5.2 -
13 I have always liked arithmetic because it has presented me with a 
challenge. 
9.5 + 
14 I like arithmetic but I like other subjects just as well. 5.6 + 
15 The completion and proof of accuracy in arithmetic give me 
satisfaction and feelings of accomplishment. 
9.0 + 
First, by making a total of the scale values for all items selected by participants, an 
average score for the mathematics attitude was obtained, similar to Button's original method. 
For example, when a participant selects five positive attitude items such as #1 (weight: 7.2), 
#3 (weight: 8.7), #5 (weight: 10.5), #14 (weight: 5.6), and #15 (weight: 9.0), the participant's 
• o 1/• 7.2+8.7+10.5 + 5.6+9.0 o i u •, £ n j tn-
average score is 8.2 (i.e., = 8.2). Values between 6.0 and lO.D are 
associated with positive attitudes. Values between 1 and 5.0 are associated with negative 
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attitude. A 5.5 would be associated with a person whose mathematics attitude is defined as 
neutral. 
Dutton used the reliability of the experimental scale measured by the test-retest 
procedure. Taking an average scale value for the total test for each participant, the Button's 
correlation between the pre-test and post-test scores (1962) was .94. The Pearson values of 
correlations between the pre-test and post-test in this study were .83 (both the treatment and 
the comparison 1 groups), .81 (the treatment group), and .87 (the comparison group 1). 
The second part of the survey asks students to place a [v] on a continuum from 1 
through 11 (11 = strongly favorable; 6 = neutral; and 1 = strongly against) to indicate their 
general feelings toward arithmetic. 
Attitude toward computer and computer-related technologies questionnaire. The 
questionnaire for Attitude Toward Computer and Computer-Related Technologies was used. 
The 23 items of the questionnaire were taken from Schmidt (1991) (See Appendix G). 
Respondents were asked to indicate to what extent they agreed or disagreed with each item 
using a five-point Likert scale as follows: 1 = Strongly Disagree; 2 = Disagree; 3 = 
Undecided; 4 = Agree; 5 = Strongly Agree. To score the nine attitude items (item 1,4, 5, 7, 
11, 17,18, 19, and 22), which were negatively worded, were reversed scored (i.e., 1=5,2=4, 
4=2, and 5=1). 
A Cronbach alpha reliability coefScient was used in order to test the internal 
consistency of the instrument. The results showed that the pre-questionnaire for attitude 
toward computer-related technologies had an alpha coefBcient of .92 (Table 9). 
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Table 9. Reliability coefiScient of the pre-questionnaire for attitude toward computer and 
computer-related technologies 
Items N Mean Standard deviation Alpha coefficient 
1-23 46 4.21 .46 .92 
Test instrument development 
Four tests were developed for use in this study: basic mathematics concept test; word 
problem test; problem-plaiming test; and teaching strategy test. The first three are discussed 
as follows. 
Basic mathematics concept test; word problem test; and problem-planning test 
During the pilot study, the basic mathematics concepts test, the word problem test, and the 
problem-planning test developed by the Cognition and Technology Group at Vanderbilt 
(Pellegrino, Hickey, Heath, et al., 1993) were used to measure participants' knowledge of 
mathematics (see Appendices H, I, and J). After the pilot study, these test instruments were 
found to be in need of modification for use with preservice teachers. Because these three 
tests were developed for middle school students, these tests were modified by rating the 
difficulty of the items in the pilot study. 
The revised tests were then used in the actual study. The itemized difficulty of the 
Basic Mathematics Concepts test used in the pilot study is shown in Table 10. After 
considering the rating of difficulty of items used in the pilot study, only 10 of the items (item 
11, 25,27, 34, 36,42, 51, 53, 55 and 56) from the basic concept test were used in the actual 
study (see Appendix O). Since the Cronbach alpha coefBcient for items 1 through 10 were 
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Table 10. Itemized results for the basic mathematics concepts test used in the pilot study 
u MEAN (%) Selected Selected # MEAN (%) Selected Selected # 
(Pilot without with (Real (Pilot without with (Real 
Study) change change Study) Study) change change Study) 
1 1 100 31 0.923 92.3 
2 1 100 32 1 100 
3 0.962 96.2 33 0.962 96.2 
4 1 100 34 0.962 96.2 • 3 
5 0.88S 88.S 35 0.885 88.5 
6 1 100 36 0.96 96 * 4 
7 1 100 37 1 100 
8 0.923 92.3 38 1 100 
9 1 100 39 0.885 88.5 
10 1 100 40 0.962 96.2 
11 0.923 92.3 • 2 41 1 100 
12 0.923 92.3 42 0.654 65.4 * 6 
13 0.962 96.2 43 0.962 96.2 
14 1 100 44 0.962 96.2 
15 1 100 45 1 100 
16 1 100 46 0.962 96.2 
17 0.923 92.3 47 0.846 84.6 
18 0.962 96.2 48 1 100 
19 1 100 49 0.885 88.5 
20 0.923 92.3 50 1 100 
21 0.846 84.6 51 I 100 « 9 
22 1 100 52 1 100 
23 1 100 53 0.731 73.1 7 
24 1 100 54 1 100 
25 0.808 80.8 * 5 55 0.962 96.2 » 8 
26 1 100 56 0.769 76.9 « 10 
27 0.923 92.3 • 1 
28 0.962 96.2 
29 1 100 
30 0.923 92.3 
below the acceptable reliability, only items 2 (old item #: 11), 5 (old item #: 25), 6 (old item 
#: 42), 8 (old item #: 55), 9 (old item #: 51), and 10 (old item #: 56) which have a higher 
Cronbach alpha coefi5cient, 0.61 (see Table 11), were used in the data analysis. A possible 
total score for the basic concept test was 6 points (1 point X 6 problems). 
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Table 11. Reliability coefficient of the basic mathematics concept test 
Items N Mean Standard deviation Alpha coefBcient 
2,5,6,8,9, and 10 73 4.86 1.29 .61 
The guidelines for scoring the word problems and the problem-planning test 
developed by the Cognition and Technology Group at Vanderbilt (Pellegrino, Hickey, Heath, 
Rewey, et al., 1993) were used in scoring the word problem test and the problem-planning 
test. After considering the rating of difBculty of items used in the pilot study, only five of the 
items (item 2, 5, 6, 7, and 12) from the word problem test were used in the actual study (see 
Table 12 and Appendix P). Similarly, only one item (item part A) from the problem-
planning test was used in the actual study (see Appendix Q). In addition, the guidelines for 
scoring the word problem item 5 were modified for use in this study by the researcher after 
considering that the differences among each score of items 1 through 5 are big. As a result, 
the total score for item 5 was changed to five. 
Table 12. Itemized results for the word problems used in the pilot study 
I-step Item Mean Total score % Selected Total score (after selection) 
1 1.846 2 0.923 
2 1.5 2 0.75 * 2 
3 1.846 2 0.923 
4 1.923 2 0.962 
6 1.462 2 0.731 * 2 
2-steps 7 0.462 3 0.154 * J 
8 2.769 3 0.923 
9 2.115 3 0.705 
10 2.692 3 0.897 
11 2.5 3 0.833 
12 2.692 3 0.897 * 3 
multi-steps 5 4.333 9 0.481 * 5 
13 4.654 6 0.776 
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The individual scores for each of the word problems were as follows: 2 points (item 
1); 2 points (item 2); 3 points (item 3); 3 points (item 4); and 5 points (item 5). Such 
differentiation in points was due to the nature of the word problems. Items 1 and 2 were one-
step problems; item 3 and 4 were two-step problems; and item 5 was multi-step question. 
Therefore, a possible total score for the word problem test was 15 points. 
The planning problem question used in the actual study had a possible total points of 
12 as follows: distance among cities (4 points), speed of car (4 points), and enough gas (4 
points). 
Teaching strategy test. Because one of the purposes of the study was to change 
and/or help preservice teachers develop their strategies in teaching mathematics in 
constructivist manners, the teaching strategy test (Appendix R) was developed to measure 
participants' teaching strategy of ratios and proportions. The question in the teaching 
strategy test is described as follows: 
Describe in detail your best strategy for teaching 5th grade students in a 
regular classroom the mathematics concept of either "Ratio/Proportion," or 
just "Ratio" or just "Proportion." Create a specific problem-solving activity 
focused on the mathematics concept which you choose. Include the rationale 
for your choice of activity. It is assimied that in your classroom you have all 
kinds of instructional materials such as manipulatives, technology, and so on. 
The scoring strategies for this test instrument were based on the theory of 
constructivism and the NCTM Standards (NCTM, 1989,1991). Four categories (Cobb et al, 
1992; NCTM, 1990; Steffe, 1991) were implemented to score the teaching strategy test: 
• Category 1: Using appropriate authentic content of mathematical experience of students 
emphasizing context 
• Category 2: Communicating mathematically with students by justifying and supporting 
their own views with multiple perspectives 
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• Category 3: Approaching student-centered instruction 
• Category 4: Appropriate use of manipulative, diagrams, computer-related technologies, or 
alternative representations 
The rubric for scoring the participants' responses to the teaching strategy test included 
categories. The sub-categories for each of the main categories are described (see Table 13), 
and each category is scaled (see Table 14). The scales grew from the Assessment of 
Constructivism in Mathematics Instruction (ACMI) by Simon and Schifter (1991), and were 
modified by the researcher. These scales in the four categories ranged from level 0 through 
level 3. Level 0 is associated with the lowest stage of understanding of constructivism and 
the level 3 implies the highest stage. A possible high score for the teaching strategy test was 
12 points (3 points X 4 problems). Examples from each group and the scoring are described 
in Appendix S. 
For the reliability of scoring, three persons: a mathematician, a mathematics educator, 
and the researcher, independently scored the teaching strategy test. Then, after all 
independent scores were reported, the three scorers discussed any variance in scoring of each 
participant's test. A Cronbach alpha reUability coefficient was xased in order to test the 
internal consistency of categories 1 through 4. The restilts showed that the teaching 
strategies test had an alpha coefficient of 0.83 (Table 15). 
A factor analysis was used to measure the unifying concepts that characterized the 
responses of the four categories. One-dimensional factor appeared among these four items 
with an eigenvalue of2.694 (x^ = 1.9630, p = .3747) (see Table 16). Small value of and 
large p-value indicate that one conamon factor provides an adequate summary of the four 
items. 
83 
Table 13. Categories of scoring for the teaching strategy test 
1. Using appropriate content and mathematical experiences emphasizing context 
- authentic, contextualized (situational) tasks 
- meaningful to students 
- set real world situation problems with relevant content 
- support multiple approaches 
2. Encouraging mathematical communication 
- encourage students to justify and support their own views with multiple perspectives 
- encourage students to communicate mathematically among themselves 
- use cooperative learning appropriately 
- emphasize process of reaching conclusion 
3. Approaching student-centered instruction 
- encourage students to assume responsibility for own learning 
- encourage students to explore alternative problems and invent many different ways with 
individual and diverse starting points 
- connect mathematics to other areas 
- encourage students to reflect on their thinking 
4. Appropriate use of manipulatives, diagrams, computer-related technologies, or alternative 
representations 
Data Collection Procedures 
The initial demographic questionnaire was given to students in all groups. The 
mathematics attitude questionnaire, the computer-related technology attitude questionnaire, 
and the three mathematics tests were given to students in the treatment group and the 
comparison group 1 during the third day of the course. After completing the initial 
questionnaires, the students were given seven weeks of general instruction on a regular 
schedule. 
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Table 14. The scales for levels categories of the teaching strategy test 
Level Expectations 
Level 0 Does not have/use a constructivist epistemology. 
Level I Attempts to modify instruction based on a general view that instruction should 
involve students in active construction; struggles with how to integrate this view 
with teaching style and curriculum. 
Teachers at this level have a general and usually not very deep understanding of 
constructivism. But for the most part, it is not operational (they are trying to 
find a way to implement that understanding in the classroom). For example, a 
teacher might feel that it is important for students to construct mathematical 
ideas. Therefore, the teacher begins to ask the students to solve problems and 
come up with the ideas rather than telling them the ideas. At this point, the 
teacher has not developed a comprehensive scheme that suggests where to start 
with the student in this process of construction, nor how to structure the 
student's work for optimum learning. The teacher often focuses on how to be a 
constructivist teacher and often neglects to focus on student learning as the basis 
for instructional decision making. 
Level II Focuses on student learning rather than teaching behaviors to shape instruction 
firom a constructivist perspective. 
Teacher at this level is able to monitor student learning and understanding and 
revise her/his lessons, putting in intermediate steps, and conj&onting 
misconceptions. Teachers have become comfortable with more active 
involvement on the part of students and with a new teaching role that involves 
less telling. 
Teachers at this level have a rationale for making decisions and as a result are 
much less concemed with what they should or should not do as a constructivist 
teacher. Teacher's teaching behavior is consistent with constructivism. 
Level ni Maximize opportunities for students to construct mathematical metacognition. 
Teachers identify and create appropriate learning environment which provides 
opportunities for revealing and improving students thinking and learning 
strategies. The instruction goes beyond the content to learning how to learn the 
context. 
Table 15. Reliability coefficient of the teaching strategy test 
Items N Mean Standard deviation Alpha coefficient 
1-4 73 4.03 2.38 .83 
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Table 16. Factor analysis of the teaching strategy test 
Variable Communality Factor Eigenvalue PCT of variable 
Iteml .651 1 2.697 67.4 
Item 2 .566 
Item 3 .762 
Item 4 .718 
The experiment with the treatment group began in the eighth week of the course. 
Students in the treatment group were given a two-week treatment on teaching and learning 
ratios and proportions by addressing constructivist-based learning through use of multimedia, 
such as the Jasper series and educational videotapes. During the same period, students in the 
comparison groups 1 and 2 were given a two-week constructivist-based mathematics 
methods course instruction over the same mathematics education topics. 
Each of the post-test instruments for the study were administered over the one-week 
period directly following the two week units. The questionnaires were administered for 
attitudes toward mathematics, attitude toward computer-related technology, basic 
mathematics concepts, word problems, the planning (generation) problem, and the teaching 
strategy. 
Data Analyses 
The statistical analyses of data included two parts: descriptive statistics to provide a 
general description of the students and inferential statistics to test the research hypotheses. 
Descriptive statistics were used for general description of the sample with the information 
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from the demographic questiomiaire. An analysis of variance (ANOVA) was applied to the 
following three background variables to test for any significant pre-experimental differences 
among the treatment, and comparison groups: self-reported GPA, mathematics courses taken 
in high school, and computer software experiences. A non-parametric chi-square test was 
used to test independence of selected categorical measures: gender, college major, and year in 
college. 
Several statistical method were used for the analyses of inferential statistics. First, to 
test the effect of using constructivist-based instruction including the use of multimedia in the 
treatment group, repeated (paired) t-test was used for the mathematics attitude questionnaire, 
computer-related technology attitude questionnaire, basic mathematics concept test, word 
problem test, and planning (generating) problem test. 
Second, multivariate analysis of variance (MANOVA) was used to determine the 
presence of pre-test sensitization on computer-related technologies attitode between 
comparison group 2, which did not have the pre-tests, and the two groups of the treatment 
and comparison 1 groups, which had the post-tests of attitudes toward mathematics and 
computer-related technologies, and the mathematical knowledge tests such as the basic 
concept test, word problem test, and problem-planning test. 
Third, analysis of covariance (ANCOVA) was used to test whether a significant 
difference exists in post-attitude questionnaire toward mathematics and computer-related 
technology between the treatment group and comparison group 1 after covarying pre-test 
scores. The analysis of variance for repeated measures was used to determine whether a 
significant gain exists between pre- and post-attimde toward mathematics between the 
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treatment group and comparison group 1. In addition, multivariate analysis of variance 
(MANOVA) was used to test whether there was a significant difference in the basic concept 
test, word problems test, and the problem-planning test among treatment and comparison 
groups. 
In addition, independent t-tests were used to analyze the hypotheses concerning the 
effectiveness of the treatment on the following tests: (1) attitudes toward mathematics, (2) 
attitude toward computer-related technologies, (3) the teaching strategy test, and (4) each 
category of the teaching strategy test. 
Finally, one-way of analysis of variance (ANOVA) was used to test whether the 
effects of overall teaching strategy as well as each category 1 through 4 would exist among 
the treatment, comparison 1, and comparison 2 groups. 
Results of the Pilot Study 
A pilot study was conducted with 23 preservice teachers enrolled in a section of an 
elementary education mathematics methods class delivered during the summer of 1996. The 
strategy for instruction about forms of teaching which were compatible with constructivism 
and the research materials were piloted to ensure their appropriateness for use hi the actual 
study. During the pilot study, instructional materials and sequence were revised to suit the 
research hypotheses (see Appendix D). 
After the pilot study, based on the data gathered in the pilot study, the fall semester 
instructors for the course and the researcher shared information and discussed merits and 
weaknesses, and the constructivist-based instruction model including the use of multimedia 
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was modified for use in the actual study. The basic mathematics concepts test, word problem 
test, and problem-planning test were modified to ensure validity for this population. In 
addition, the teaching strategy test was developed to measure the participant's decision about 
teaching strategies for the concepts of ratios and proportions. 
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CHAPTER 4. RESEARCH RESULTS 
Introdaction 
The purpose of this chapter is to present the results of the statistical analyses from the 
data gathered in the study. This research focused on the effects of constructivist-based 
instruction including the use of multimedia on decisions about teaching and on attitudes 
toward arithmetic and computer-related technologies of preservice elementary teachers. To 
achieve the purpose of the study, the mstructional treatment was conducted as the 
independent variable. 
The effects of using constructivist-based instruction including the use of multimedia 
on attitudes toward mathematics and computer-related technologies were measured by 
administrating the preservice teachers' attitude questionnaires toward mathematics and 
computer-related technologies. The effects of using constructivist-based instruction 
including the use of multimedia on the knowledge of mathematics were measured by 
administrating the basic concept test, the word problem test, and the problem-planning test. 
Finally, the effects of using constructivist-based instruction including the use of multimedia 
on decisions about teaching were measured by administrating the teaching strategy test. 
This chapter is organized into the following five sections: (a) Analysis of Pre-
experimental Measures; (b) Tests of Hypotheses; (c) Analysis of Experimental Measiu-es; (d) 
Auxiliary Findings; and (e) Summary. 
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Analysis of Pre-Experimental Measures 
A demogn^hic questionnaire was given to collect data on gender, college major, 
class designation in college, number of mathematics courses taken in high school, self-
reported GPA, and the number of computer software experiences. A one-way analysis of 
variance (ANOVA) was used to determine if differences existed on the following measures: 
number of mathematics courses taken in high school, self-reported GPA scores, and the 
number of computer software experiences (Table 17). A non-parametric chi-square test was 
conducted to determine independence of selected categorical meastires; gender, college 
major, and year in college (Table 18). 
Table 17. Comparisons of variable means among the treatment groups a 
Variable Group N Mean S.D. 
F 
ratio 
F 
prob. 
Mathematics Treatment 28 2.82 .82 2.23 .115 
courses taken Comparison 1 18 3.17 .62 
Comparison 2 27 3.22 .75 
Self-reported GPA Treatment 28 3.21 .45 .19 .824 
Comparison 2 17 3.21 .27 
Comparison 2 26 3.15 .37 
Experiences with Treatment 28 8.21 1.10 1.49 .233 
computer software Comparison 2 18 8.11 1.28 
packages Comparison 2 27 8.59 .69 
aN = 73 
The results from both tests showed that there were no significant differences among 
the three groups on the following variables: (1) gender; (2) college major; (3) class 
designation; (4) self-reported GPA scores; (5) mathematics courses taken in high school; and 
(6) educational software experiences. Two participants did not report GPA scores, one from 
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Table 18. Comparisons of categorical variable frequencies among treatment groups a 
Variables Chi-square df Significance Min E.F. 
Gender .95 2 .62 1.97 
Class standing 1.98 4 .74 .25 
Major 2.06 4 .76 .25 
aN = 73 
each comparison 1 and comparison 2 groups. 
Tests of Hypotheses 
Hypothesis 1: The post-attitudes toward mathematics of pre-service teachers in the 
treatment group in an elementary mathematics methods class mil be significantly more 
positive than their pre-attitudes toward mathematics. 
Two paired (repeated) t-tests were used in order to test the effects of lasing 
constructivist-based instruction including the use of multimedia between the pre-test and the 
post-test on the mathematics attitude of participants in the treatment and comparison 1 
groups. First, the scale values for all weighted items selected by participants were summed. 
Thus, an average score for the treatment group's mathematics attitude was obtained, in a 
maimer similar to Button's method (Method 1). Second, the participants' self report about 
their general mathematics attitude which they indicated by marking a point on the continuum 
from 1 through 11 was used to signify a numerical representation of their general 
mathematics attitude (Method 2). 
The results of two paired t-tests in the treatment group showed statistically significant 
differences in the mathematics attimdes of the participants before and after the treatment at 
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Table 19. Paired t-test for mathematics attitude scores by using the method of the averaging 
of weighted-scales of the treatment group (Method 1) a 
Treatment 
(N = 28) Mean Standard Deviation t P 
Pre-score 6.05 1.63 
2.44 .011 
Post-score 6.51 1.52 
a The maximum possible score was 10.5. 
Table 20. Paired t-test for mathematics attitude scores by using the general mathematics 
attitude scales of the treatment group (Method 2) ^ 
Treatment 
(N = 28) Mean Standard Deviation t P 
Pre-score 6.25 1.86 
4.66 .0005 
Post-score 7.36 1.81 
a The maximum possible score was 11. 
the .05 level. In the treatment group, t = 2.44, p< .011 (Method 1); and t = 4.66, p< .0005 
(Method 2) (Tables 19 and 20). 
On the other hand, the results of two paired t-tests in the comparison group 1 showed 
no significant differences in the mathematics attitudes of the participants at the .05 level. In 
the comparison group 1, t = .22, p< .42 (Method 1); and t = .27, p< .40 (Method 2) (Tables 
21 and 22). The treatment group showed the improvement on the mean of the mathematics 
attitude scale (Method 1) from 6.05 (pre-test) to 6.51 (post-test), whereas the comparison 
group 1 showed the improvement from 7.08 (pre-test) to 7.12 (post-test) (see Figure 1). In 
addition, the treatment group showed the improvement on the mean of the mathematics 
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Table 21. Paired t-test for mathematics attitude scores by using the method of the averaging 
of weighted-scales of the comparison group 1 (Method 1) a 
Treatment 
(N=18) Mean Standard Deviation t P 
Pre-score 7.08 1.25 
.22 .42 
Post-score 7.12 1.38 
a The maximum possible score was 10.5. 
Table 22. Paired t-test for mathematics attitude scores by using the general mathematics 
attitude scales of the comparison group 1 (Method 2) a 
Treatment 
(N=18) Mean Standard Deviation t P 
Pre-score 8.00 1.65 
.27 .40 
Post-score 8.06 1.59 
a The maximum possible score was 11. 
Treatment 
Control 1 
Control 2 
Figure 1. Pre and post scores on mathematics attitude survey (Method 1) 
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Figure 2. Pre and post scores on mathematics attitude survey (Method 2) 
attitude scale (Method 2) from 6.25 (pre-test) to 7.36 (post-test), whereas the comparison 
group 1 showed the improvement from 8.00 (pre-test) to 8.06 (post-test) (see Figure 2). The 
means of post-test of the comparison group 2, which did not take the pre-test, were 6.89 
(Method 1) and 7.70 (Method 2) (see Figures 1 and 2). 
Hypothesis 2: The post-attitudes toward computer-related technologies of pre-service 
teachers in the treatment group in an elementary mathematics methods class will be 
significantly more positive than their pre-attitudes toward computer-related technologies. 
The paired (repeated) t-test was used in order to test the effects of using 
constructivist-based instruction including the use of multimedia between before and after the 
treatment on the computer-related technologies attitude of the participants in the treatment 
and comparison 1 groups. The results of the paired t-test showed a significant difference in 
computer attitude of the participants in the treatment group before and after the treatment at 
the .05 level (t = 2.07, p< .024) (Table 23). On the other hand, the results of two paired t-
tests in the comparison group 1 showed no significant differences in the computer-related 
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Table 23. Paired t-test for computer-related technology attitude scores of the treatment 
groupa 
Treatment 
(N = 28) Mean Standard Deviation t P 
Pre-score 4.37 .41 
2.07 .024 
Post-score 4.48 .36 
a The maximum possible score was 5. 
Table 24. Paired t-test for computer-related technology attitude scores of the comparison 1 
group a 
Treatment 
(N=18) Mean Standard Deviation t P 
Pre-score 3.96 .43 
1.49 .078 
Post-score 4.04 .34 
a The maximum possible score was 5. 
technology attitudes of the participants at the .05 level. In the comparison group 1, t = 1.49, 
p< .078 (Table 24). 
The treatment group showed the improvement on the mean of the computer-related 
technology attitude scale from 4,37 (pre-test) to 4.48 (post-test), whereas the comparison 
group 1 showed the improvement from 3.96 (pre-test) to 4.04 (post-test) (see Figure 3). The 
mean of post-test of the comparison group 2, which did not take the pre-test, was 4.26 (see 
Figure 3). 
Hypothesis 3: The post-test scores of mathematics ability in terms of basic concepts, word 
problems, and problem-planning ofpreservice teachers in the treatment group in an 
elementary mathematics methods class will be significantly higher than the pre-test scores of 
mathematics ability in terms of basic concepts, word problems, and problem-planning. 
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Figure 3. Pre and post scores on computer-related technology attitude survey 
The paired (repeated) t-test was used in order to test the effects of using 
constructivist-based instruction including the use of multimedia between before and after the 
treatment on the basic concept test, word problem test, and the problem-planning test of the 
participants in the treatment group. The results of the paired t-tests for the basic concept test 
and word problem test showed that there was no statistically significant difference in the 
treatment group on the basic concept test and word problem test before and after the 
treatment (t = .44, p< .332; basic concept test); (t = .41, p< .344; word problem test) (Tables 
25 and 26). On the other hand, the results of the paired t-test for the problem-planning test 
showed that there was a significant difference in the treatment group on the problem-
planning test before and after the treatment (t = 1.71, p< .049; problem-planning test) (Table 
27). 
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Table 25. Paired t-test for basic concept test scores of the treatment group 
Treatment 
(N = 28) Mean Standard Deviation t P 
Pre-score 4.54 1.48 
.44 .332 
Post-score 4.64 1.39 
a The maximum possible score was 6. 
Table 26. Paired t-test for word problem test scores of the treatment group 
Treatment 
(N = 28) Mean Standard Deviation t P 
Pre-score 11.25 2.30 
.41 .344 
Post-score 11.39 1.93 
a The maximum possible score was 15. 
Table 27. Paired t-test for problem-planning test scores of the treatment group 
Treatment 
(N = 28) Mean Standard Deviation t P 
Pre-score 7.75 2.65 
1.71 .049 
Post-score 8.82 2.98 
a The maximimi possible score was 12. 
Analysis of Experimental Measures 
In order to test hypotheses four through six, the multivariate analysis of variance 
(MANOVA) was used to determine the presence of pre-test sensitization on the sets of post-
tests between the group (comparison group 2) who did not have the pre-tests and the two 
groups (treatment and comparison 1 groups) who had the pre-tests. The sets of post-tests are 
the followings: 
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• attitudes toward mathematics; 
• attitudes toward computer-related technologies; and 
• the mathematical knowledge tests such as the basic concept test, word problem test, and 
planning test. 
An F-statistic from Wilks' multivariate test of significance was used to determine if a 
statistically significant difference existed between the mean scores of comparison group 2 
and the mean scores of the treatment and comparison 1 groups. The result of the MANOVA 
revealed that there was no significant difference between the mean score of comparison 
group 2 and the mean score of the treatment and comparison 1 groups (p< .071, see Table 
28). These results indicated no presence of pre-test sensitization on the six sets of post-tests 
of attitudes toward mathematics and computer-related technologies, and the mathematical 
knowledge tests such as the basic concept test, word problem test, and problem-planning test 
between comparison group 2, which did not have the pre-tests, and the two groups of the 
treatment and comparison 1 groups which had the pre-tests. 
Table 28. Wilks' multivariate test of significance for main effect of group difference on six 
different dependent variables 
Value Approx. F Hypoth. DF Error DF Signif. of F 
.75 1.71 12 130 .071 
Hypothesis 4: The post-score of the arithmetic attitude questionnaires ofpreservice teachers 
in the treatment group in an elementary mathematics methods class will be significantly 
different than the scores of preservice teachers in comparison group 1 after covarying 
mathematics attitude pre-scale. 
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First, the independent t-test was used to test whether there was a statistically 
significant difference in mathematics attitude pre-test score on Dutton scale between the 
treatment and comparison 1 groups. Two-tail probability from an independent t-test revealed 
that a significant difference existed between the treatment and comparison 1 groups (t = 
-2.29, p< .027; Method 1) (Table 29); and (t = -3.26, p< .002; Method 2) (Table 30). It was 
foimd that the initial mean mathematics attitudes of the participants in comparison group 1 
were higher than the initial mean mathematics attitudes of participants in the treatment group. 
Because the top possible scores were 10.5 (Method 1) and 11 (Method 2), and the pre-
attitude scores of the comparison group 1 were 7.08 (Method 1) and 8.00 (Method 2), a 
ceiling effect may exist. 
Table 29. Independent t-test for mathematics attitude pre-scores by the method of the 
averaging of scales of the treatment and comparison 1 groups (Method 1) a 
Group N Mean 
Standard 
Deviation t P 
Treatment 28 6.05 1.63 
-2.29 .027 
Comparison 1 18 7.08 1.25 
a The maximum possible score was 10.5. 
Table 30. Independent t-test for mathematics attitude pre-scores by the general 
mathematics attitude of the treatment and comparison 1 groups (Method 2) a 
Group N Mean 
Standard 
Deviation t P 
Treatment 28 6.25 1.86 
-3.26 .002 
Comparison 1 18 8.00 1.65 
a The maximum possible score was 11. 
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Since a significant difference on the mathematics attitude pre-test existed between the 
treatment and comparison 1 groups, whereas there was no significant difference on the 
mathematics attitude post-test between the mean score of comparison group 2 and the mean 
score of the treatment and comparison 1 groups, an analysis of covariance (ANCOVA) was 
used to determine if a statistically significant difference on the post-attitude existed between 
the treatment and comparison 1 groups on the methods 1 and 2 after controlling for the pre­
test score. 
To use the analyses of co variance (ANCOVA) on methods 1 and 2 of mathematics 
attitudes, the homogeneity of regression for pre-test and post-test was tested. The results of a 
test of homogeneity of regression for pre-test and post-test are summarized in Tables 31 
(Method 1) and 32 (Method 2). Based on Tables 31 and 32, no significant differences (p= 
.209, Method 1; p= .401, Method 2) existed between the treatment and comparison 1 groups 
in attitudes toward mathematics. The results indicated that parallel regression lines existed 
and associated assvmiptions could be made for both tests. Therefore, analyses of covariance 
were used to test the existence of treatment effects. 
First, on the Method 1, after controlling for the covariates, the mean score on the test 
for the treatment group was 6.92 and the mean score for the comparison 1 group was 6.70 
(Table 33). Similarly, on method 2, after controlling for the covariates, the mean score on the 
test for the treatment group was 8.03 and the mean score for the comparison 1 group was 
7.38 (Table 34). 
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Table 31. Results of test for homogeneity of regression of post-test score on pre-test score 
(Mathematics attitudes: Method 1) 
Source of Variation Sum of Squares df Mean Square F F Significance 
Within+Residual 29.39 42 .70 
Mathematics 
attitude 56.97 1 56.97 81.41 .000 
Group 1.14 1 1.14 1.63 .209 
Mathematics 
attitude by group .89 1 .89 1.28 .265 
(Model) 69.16 3 23.05 32.94 .000 
(Total) 98.55 45 2.19 
Table 32. Results of test for homogeneity of regression of post-test score on pre-test score 
(Mathematics attitudes: Method 2) 
Source of Variation Sum of Squares df Mean Square F F Significance 
Within+Residual 48.18 42 1.15 
Mathematics 
attitude 76.06 1 76.06 66.30 .000 
Group .82 1 .82 .72 .401 
Mathematics 
attitude by group .20 1 .20 .18 .678 
(Model) 88.53 3 29.51 25.72 .000 
(Total) 136.72 45 3.04 
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Table 33. Means and standard deviations for mathematics attitude scores of the treatment and 
the comparison I groups (Method 1) 
Group N 
Mean 
(pre) 
Mean 
(post) 
Standard 
Deviation (pre) 
Standard 
Deviation (post) 
Adjusted 
Mean 
Treatment 28 6.05 6.51 1.63 1.52 6.92 
Comparison 1 18 7.08 7.12 1.25 1.38 6.70 
Total 46 6.46 6.75 1.56 1.48 
a The maximum possible score was 10.5. 
Table 34. Means and standard deviations for mathematics attitude scores of the treatment and 
the comparison 1 groups (Method 2) 
Group N 
Mean 
(pre) 
Mean 
(post) 
Standard 
Deviation (pre) 
Standard 
Deviation (post) 
Adjusted 
Mean 
Treatment 28 6.25 7.36 1.86 1.81 8.03 
Comparison 1 18 8.00 8.06 1.65 1.59 7.38 
Total 46 6.94 7.63 1.96 1.74 
a The maximum possible score was 11. 
The results of the ANCOVA on the methods 1 and 2 showed that there were no 
significant effects of the treatment after controlling for the contribution of the covariate of 
pre-test, F(l, 43) = .69, p< .412 (Method 1); and F(l, 43) = 3.34, p< .074. The researcher 
retained the null hypothesis that there is no difference on the average gain score between 
treatment and comparison 1 groups (Tables 35 and 36). 
Hypothesis 5: The post-attitudes toward computer-related technologies of preservice 
teachers in the treatment group in an elementary mathematics methods class including the 
use of multimedia material will be significantly more positive than the post-attitudes of 
preservice teachers in comparison 1 group after covarying pre-attitudes toward computer-
related technologies. 
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Table 35. Analysis of covariance for the mathematics attitude scores (Method 1) 
Source of Variation Sum of Squares df Mean Square F F Significance 
Covariate 
Pre-score 67.78 1 67.78 96.24 .000 
Main Effects 
Group .48 1 .48 .69 .412 
Explained 68.26 2 34.13 48.46 .000 
Residual 30.28 43 .70 
Total 98.55 45 2.19 
Table 36. Analysis of covariance for the mathematics attitude scores (Method 2) 
Source of Variation Sum of Squares df Mean Square F F Significance 
Covariate 
Pre-score 82.99 1 82.99 73.76 .000 
Main Effects 
Group 3.76 1 3.76 3.34 .074 
Explained 88.33 2 44.17 39.25 .000 
Residual 48.38 43 1.13 
Total 136.72 45 3.04 
First, the independent t-test was used to test whether there was a statistically 
significant difference in the computer-related technologies attitude pre-test between the 
treatment and comparison 1 groups. The result of the independent t-test revealed that a 
significant pre-experimental difference existed between the treatment and comparison 1 
groups at the .05 level, t = 3.26, p< .002 (Table 37). 
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Table 37. Independent t-test for computer-related technology attitude pre-scores of the 
treatment and the comparison 1 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 4.37 .41 
3.26 .002 
Comparison 1 18 3.96 .43 
a The maximum possible score was 5. 
Since a significant difference on the computer-related technologies attitude pre-test 
existed between the treatment and comparison 1 groups, whereas there was no significant 
difference on the computer-related technologies attitude post-test between the mean score of 
the comparison group 2 and the mean score of the treatment and comparison 1 groups, 
analysis of covariance (ANCOVA) was used to determine if a statistically significant 
difference existed between the treatment group and comparison group 1 on the post-tests after 
covarying the pre-test of computer-related technologies attitude. 
To use the analysis of covariance (ANCOVA) on attitudes toward computer-related 
technologies, the homogeneity of regression for pre-test and post-test was used. The results 
of a test of homogeneity of regression for pre-test and post-test are sunmiarized in Table 38. 
Based on Table 38, no significant difference (p= .773) existed between the treatment and 
comparison 1 groups in attitudes toward computer-related technologies. The results indicated 
that parallel regression lines existed and associated assumptions could be made for both tests. 
Therefore, analysis of covariance was used to test the existence of treatment effects. After 
controlling for the covariates, the mean score on the test for the treatment group was 4.34 and 
the mean score for the comparison 1 group was 4.18 (Table 39). 
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Table 38. Results of test for homogeneity of regression of post-test score on pre-test score 
(Attitudes toward computer-related technologies) 
Source of Variation Sum of Squares df Mean Square F F Significance 
Within+Residual 2.14 42 .05 
Computer-related 
technology attitude 3.28 1 3.28 64.34 .000 
Group .00 1 .00 .08 .773 
Mathematics 
attitude by group .00 1 .00 .00 .961 
(Model) 5.49 3 1.83 35.91 .000 
(Total) _ '""45 "17 
Table 39. Means and standard deviations for computer-related technology attitude scores of 
the treatment and the comparison 1 groups a 
Group N 
Mean 
(pre) 
Mean 
(post) 
Std. Dev. 
(pre) 
Std. Dev. 
(post) 
Adjusted 
Mean 
Treatment 28 4.37 4.48 .41 .36 4.34 
Comparison 1 18 3.96 4.04 .43 .34 4.18 
Total 46 4.21 4.31 .46 .41 
a The maximum possible score was 5. 
The results of the ANCOVA showed that there was a statistically significant effect of 
the treatment adjusted for the contribution of the pre-test covariate at the .05 level, F(l, 43) = 
4.86, p < .033 (Table 40). The researcher rejected the null hypothesis that there was no 
difference between treatment and comparison 1 groups and accepted the research hypothesis 
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Table 40. Analysis of covariance for computer-related technologies attitude scores 
Source of Variation Sum of Squares df Mean Square F F Significance 
Covariate 
Pre-score 3.38 1 3.38 67.93 .000 
Main Effects 
Group .24 1 .24 4.86 .033 
Explained 5.49 2 2.75 55.14 .000 
Residual 2.14 43 .05 
Total 7.63 45 .17 
that students in the treatment group had a more positive attitude toward computer-related 
technologies than the students in the comparison 1 group. 
Hypothesis 6: The scores of mathematics ability in terms of basic concepts, word problems, 
and problem-planning ofpreservice teachers in the treatment group in elementary 
mathematics methods class will be significantly different than the scores of preservice 
teachers in two comparison groups. 
First, the independent t-test was used to test whether there was a statistically 
significant difference in pre-test of the basic concept test, word problem test, and the 
problem-planning test between treatment and comparison 1 groups. A two-tail probability 
from an independent t-test was used to detennine if a significant difference existed between 
the treatment and comparison 1 groups. The results of the independent t-test revealed that 
there was no significant pre-experimental difference on the 3 tests between the treatment and 
comparison 1 groups at the .05 level, t = -.85, p< .399 (basic concept test: Table 41); t = -.36, 
p< .720 (word problem test: Table 42); t = -.48, p< .635 (problem-planning test: Table 43). 
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Table 41. Independent t-test for pre-scores of the basic concept test of the treatment and 
comparison 1 groups ^ 
Group N Mean Standard Deviation t P 
Treatment 28 4.54 1.48 
-.85 .399 
Comparison 1 18 4.89 1.18 
a The maximum possible score was 10. 
Table 42. Independent t-test for pre-scores of the word problem test of the treatment and 
comparison 1 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 11.25 2.30 
-.36 .720 
Comparison 1 18 11.50 2.28 
a The maximum possible score was 15. 
Table 43. Independent t-test for pre-scores of the problem-planning test of the treatment and 
comparison 1 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 7.75 2.65 
-.48 .635 
Comparison 1 18 8.17 3.22 
a The maximum possible score was 12. 
Since there was no significant difference on the pre-score of the basic concept test, 
word problem test, and problem-planning test between the treatment and comparison 1 
groups, multivariate analysis of variance (MANOVA) was used to determine if a statistically 
significant difference on the post-tests existed among the three groups. An F-statistic from 
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Wilks' lambda was used to determine if a statistically significant difference existed among 
the three groups. 
The results of the MANOVA revealed that there was no significant difference among 
the three groups at the .05 level (p < .488). The result is summarized in Table 44, and further 
described in Tables 45,46, and 47. Thus, the researcher retained the null hypothesis that 
there was no statistically significant difference among three groups on the total points 
received in the post-tests of the basic concept test, the word problem test, and the problem-
planning test Therefore, the participants apparently learned their mathematics skills (as 
measured by the three tests) equivalently in all three settings. 
Table 44. Wilks' multivariate test of significance for main effect of group difference on the 
three dependent variables (Basic concept test. Word problem test, and Planning-
problem test) 
Value Exact F Hypothesis DF Error DF F Significance 
.92 .91 6 136 .488 
Table 45. Means and standard deviations for post-scores of the basic concept test a 
Group N Mean Standard Deviation 
Treatment 28 4.65 1.39 
Comparison 1 18 5.22 .94 
Comparison 2 27 4.85 1.38 
Total 73 4.86 1.29 
a The maximimi possible score was 6. 
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Table 46. Means and standard deviations for post-scores of the word problem test a 
Group N Mean Standard Deviation 
Treatment 28 11.39 1.93 
Comparison 1 18 11.50 1.92 
Comparison 2 27 11.19 1.73 
Total 73 11.34 1.84 
a The maximum possible score was 15. 
Table 47. Means and standard deviations for post-scores of the planning-problem a 
Group N Mean Standard Deviation 
Treatment 28 8.82 2.96 
Comparison 1 18 7.61 2.83 
Comparison 2 27 8.22 2.33 
Total 73 8.30 2.71 
a The maximum possible score was 12. 
Hypothesis 7: The test scores of preservice teachers' decisions about teaching strategies for 
teaching mathematical problem solving in the treatment group in an elementary mathematics 
methods class will be significantly different than the scores of preservice teachers in two 
comparison groups. 
The scores on the teaching strategy test ranged from 0 to 11 out of 12 total possible 
points. The mean for the treatment group was 5.25, the mean for the comparison 1 group was 
3.44, and the mean for the comparison group 2 was 3.15. The result is summarized in Table 
48 and Figure 4. 
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Table 48. Means and standard deviations for the teaching strategy test scores ^ 
Group N Mean Standard Deviation 
Treatment 28 5.25 1.88 
Comparison 1 18 3.44 2.20 
Comparison 2 27 3.15 2.49 
Total 73 4.03 2.38 
a The maximum possible score was 12. 
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Figure 4. Box plot of the teaching strategy test scores for three groups 
An F-statistic from the ANOVA was calculated to determine if a statistically 
significant difference existed on the teaching strategy test among the three groups. The data 
showed that a statistically significant difference existed among the three groups at the .05 
level, F ratio = 7.11, p < .0016 (Table 49). 
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Table 49. Analysis of variance for teaching strategy test scores 
Source D.F. Sum of Squares Mean Squares F Ratio F Probability 
Between 2 68.84 34.42 7.11 .0016 
Within 70 339.10 4.84 
Total 72 407.95 
A priori independent t-test was used to determine where the difference existed among 
the three groups. The priori independent t-test revealed that there was a significant difference 
at the .05 level between the treatment and the comparison 1 group, t = 2.97, p< .005 (Table 
50) and between the treatment and the comparison 2 groups, t = 3.54, p< .001 (Table 51). On 
the other hand, the independent t-test revealed that there was no significant difference 
between the comparison 1 and the comparison 2 groups at the .05 level, t = .41, p< .685 
(Table 52). 
According to the results of the chi-square test (see Table 18), the three groups were 
equivalent on major. Early Childhood Education majors in the comparison 1 and treatment 
Table 50. Independent t-test for teaching strategy test scores of the treatment and comparison 
1 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 5.25 1.88 
2.97 .005 
Comparison 1 18 3.44 2.20 
a The maximum possible score was 12. 
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Table 51. Independent t-test for teaching strategy test scores of the treatment and comparison 
2 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 5.25 1.88 
3.54 .001 
Comparison 2 27 3.15 2.49 
a The maximum possible score was 12. 
Table 52. Independent t-test for teaching strategy test scores of the comparison I and 2 
groups a 
Group N Mean Standard Deviation t P 
Comparison 1 18 3.44 2.02 
.41 .685 
Comparison 2 27 3.15 2.49 
a The maximum possible score was 12. 
groups answered the question without reservation. Four of the comparison group 2 students, 
however, did not answer the question. In the initial analysis, these four student responses 
were record as 0. Since the students chose not to answer the questions, their responses were 
evaluated as a 0 scale. 
The researcher felt than the lack of effort by the students to answer the question 
contributed important information to the results. She included these zero scores in the 
original analysis. These zero scores reflected those students' beliefs that the question was not 
relevant to them because their major focused on young children. It should be noted that the 
12 remaining with this same major did choose to answer the question. In an alternative 
analysis, the scores for these four students were treated as missing values. The results for the 
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alternative analysis are reported in Appendix T. It should be noted that the alternative 
analysis resulted in the same statistically significant differences as the original analysis. 
Auxiliary Findings 
In the process of analyzing the data collected for the study, the researcher was 
interested in finding which categories of the teaching strategy test showed differences among 
the three groups, although the one-dimensional factor appeared in the analysis of the four 
categories of the teaching strategy test. 
Category 1: Using appropriate content 
Category 1 focused on measuring the participants' willingness to use appropriate 
content and mathematical experiences emphasized on authentic, contextualized, and 
situational tasks which are meaningful to their future students. In addition, it was used to 
determine the participants' extent to set real world simation problems with relevant content 
with support multiple approaches. 
The scores on category I of the teaching strategy test ranged from 0 to 3 out of 3 total 
possible points. The mean for the treatment group was 1.71, the mean for the comparison 1 
group was 1.06, and the mean for the comparison group 2 was .89. The result is summarized 
in Table 53. An F-statistic from the ANOVA was calculated to determine if a statistically 
significant difference existed on category 1 of the teaching strategy test among the three 
groups. The data showed that a statistically significant difference existed among the three 
groups at the .05 level, F ratio = 9.60, p < .0002 (Table 54). 
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Table 53. Means and standard deviations for category 1 scores of the teaching strategy test a 
Group N Mean Standard Deviation 
Treatment 28 1.71 .71 
Comparison 1 18 1.06 .73 
Comparison 2 27 .89 .75 
Total 73 1.25 .81 
a The maximum possible score of category 1 (Using appropriate content emphasizing 
context) was 3. 
Table 54. Analysis of variance for category 1 scores of the teaching strategy test 
Source D.F. Sum of Squares Mean Squares F Ratio F Probability 
Between 2 10.24 5.12 9.60 .0002 
Within 70 37.33 .53 
Total 72 47.56 
A priori independent t-test was used to determine where the difference existed among 
the three groups. The priori independent t-test revealed that there was a significant difference 
at the .05 level between the treatment and the comparison 1 group, t = 3.04, p< .004 (Table 
55) and between the treatment and the comparison 2 groups, t = 4.18, p< .001 (Table 56). On 
the other hand, the independent t-test revealed that there was no significant difference 
between the comparison 1 and the comparison 2 groups at the .05 level, t = .74, p< .464 
(Table 57). 
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Table 55. Independent t-test for category 1 scores of the teaching strategy test of the 
treatment and comparison 1 groups ^ 
Group N Mean Standard Deviation t P 
Treatment 28 1.71 .71 
3.04 .004 
Comparison 1 18 1.06 .73 
a The maximum possible score was 3. 
Table 56. Independent t-test for category 1 scores of the teaching strategy test of the 
treatment and comparison 2 groups ^ 
Group N Mean Standard Deviation t P 
Treatment 28 1.71 .71 
4.18 .000 
Comparison 2 27 .89 .75 
a The maximum possible score was 3. 
Table 57. Independent t-test for category 1 scores of the teaching strategy test of the 
comparison 1 and 2 groups a 
Group N Mean Standard Deviation t P 
Comparison 1 18 1.06 .73 
.74 .464 
Comparison 2 27 .89 .75 
a The maximum possible score was 12. 
Category 2: Encouraging mathematical communication 
Category 2 focused on measiuing the participants' willingness to encourage their 
future students to communicate mathematically with the teacher as well as their classmates. 
Their communication should reflect careful mathematical thinking such as justifying and 
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supporting views with multiple perspectives emphasized in the process of reaching 
conclusion. The scores on category 2 of the teaching strategy test ranged from 0 to 2 out of 3 
total possible points. The mean for the treatment group was .71, the mean for the comparison 
1 group was .50, and the mean for the comparison group 2 was .41. The result is summarized 
in Table 58. 
Table 58. Means and standard deviations for category 2 scores of the teaching strategy test» 
Group N Mean Standard Deviation 
Treatment 28 .71 .66 
Comparison 1 18 .50 .71 
Comparison 2 27 .41 .75 
Total 73 .55 .71 
a The maximum possible score of category 2 (Encouraging mathematical communication) 
was 3. 
An F-statistic from the ANOVA was calculated to determine if a statistically 
significant difference existed on category 2 of the teaching strategy test among the three 
groups. The data showed that there were no differences among the three groups at the .05 
level, F ratio = 1.36, p < .26 (Table 59). 
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Table 59. Analysis of variance for category 2 scores of the teaching strategy test 
Source D.F. Sum of Squares Mean Squares F Ratio F Probability 
Between 2 1.35 .67 1.36 .26 
Within 70 34.73 .50 
Total 72 36.08 
Category 3: Approaching student-centered instruction 
Category 3 focused on measuring the participants' willingness to approach student-
centered instruction to teaching ratios/proportions. Student-centered instruction includes 
encouraging their future students to have responsibility for their own learning, to explore 
alternative problems, and invent many different ways of re-solving a situation. Moreover, the 
ability of the participants to foster in their future students the ability to reflect on their own 
thinking was a component for this category. 
The scores on category 3 of the teaching strategy test ranged firom 0 to 3 out of 3 total 
possible points. The mean for the treatment group was 1.50, the mean for the comparison 1 
group was .89, and the mean for the comparison group 2 was .89. The result is summarized 
in Table 60. 
An F-statistic fi-om the ANOVA was calculated to determine if a statistically 
significant difference existed on category 3 of the teaching strategy test among the three 
groups. The data showed that a statistically significant difference existed among the three 
groups at the .05 level, F ratio = 7.17, p < .0015 (Table 61). 
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Table 60. Means and standard deviations for category 3 scores of the teaching strategy test a 
Group N Mean Standard Deviation 
Treatment 28 1.50 .51 
Comparison 1 18 .89 .68 
Comparison 2 27 .89 .80 
Total 73 1.12 .73 
a The maximum possible score of category 3 (Approaching student-centered instruction) was 
3. 
Table 61. Analysis of variance for category 3 scores of the teaching strategy test 
Source D.F. Sum of Squares Mean Squares F Ratio F Probability 
Between 2 6.45 3.22 7.17 .0015 
Within 70 31.44 .45 
Total 72 37.89 
A priori independent t-test was used to determine where the difference existed 
among the three groups. The priori independent t-test revealed that there was a significant 
difference at the .05 level between the treatment and the comparison 1 group, t = 3.49, p< 
.001 (Table 62) and between the treatment and the comparison 2 groups, t = 3.36, p< .002 
(Table 63). On the other hand, the independent t-test revealed that there was no significant 
difference between the comparison 1 and the comparison 2 groups at the .05 level, t = .00, p< 
1.000 (Table 64). 
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Table 62. Independent t-test for category 3 scores of the teaching strategy test of the 
treatment and comparison 1 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 1.50 .51 
3.49 .001 
Comparison 1 18 .89 .68 
a The maximum possible score was 3. 
Table 63. Independent t-test for category 3 scores of the teaching strategy test of the 
treatment and comparison 2 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 1.50 .51 
3.36 .002 
Comparison 2 27 .89 .80 
a The maximum possible score was 3. 
Table 64. Independent t-test for category 3 scores of the teaching strategy test of the 
comparison 1 and 2 groups a 
Group N Mean Standard Deviation t P 
Comparison 1 18 .89 .68 
.00 1.000 
Comparison 2 27 .89 .80 
a The maximum possible score was 12. 
Category 4: Using appropriate materials 
Category 4 focused on measuring the participants' willingness to appropriately use 
instructional materials such as manipulatives, diagrams, computer-related technologies, or 
alternative representations. 
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The scores on category 4 of the teaching strategy test ranged from 0 to 3 out of 3 total 
possible points. The mean for the treatment group was 1.32, the mean for the comparison 1 
group was 1.00, and the mean for the comparison group 2 was .96. The resiilt is summarized 
in Table 65. 
Table 65. Means and standard deviations for category 4 scores of the teaching strategy test a 
Group N Mean Standard Deviation 
Treatment 28 1.32 .55 
Comparison 1 18 1.00 .69 
Comparison 2 27 .96 .71 
Total 73 1.11 .66 
a The maximum possible score of category 4 (Using appropriate materials) was 3. 
An F-statistic from the ANOVA was calculated to determine if a statistically 
significant difference existed on category 4 of the teaching strategy test among the three 
groups. The data showed that there were no differences among the three groups at the .05 
level, F ratio = 2.47, p < .09 (Table 66). 
Table 66. Analysis of variance for category 4 scores of the teaching strategy test 
Source D.F. Sum of Squares Mean Squares F Ratio F Probability 
Between 2 2.05 1.03 2.47 .09 
Within 70 29.07 .42 
Total 72 31.12 
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Summary 
In this chapter, the results were reported from an examination of the effects of using 
constructivist-based instruction including the use of mxiltimedia on preservice elementary 
teachers attitudes toward mathematics, attitudes toward computer-related technologies, 
mathematical knowledge, and decisions about teaching ratios and proportions. In the first 
section, a statistical analysis of the pre-experimental measures indicated that there were no 
statistically significant pre-experimental differences among the three groups in the areas of 
gender, college major, class standing, self-reported GPA, mathematics courses taken in high 
school, and computer software experiences. 
In the second section, the findings relating to the seven hypotheses of the study were 
reported. Repeated t-tests were used to analyze the hypotheses on the effectiveness of the 
treatment on the attitudes toward mathematics and computer-related technologies, 
mathematical knowledge such as basic mathematics concepts, ability of word problems and 
problem-planning, from before to after the treatment. 
The results indicated that the post-tests on the attitudes toward mathematics and 
computer-related technologies and on the problem-planning test were significantly higher 
than the pre-tests in the treatment group. On the other hand, the results of the repeated t-tests 
showed that there were no significant differences between pre-score and post-score on the 
mathematical knowledge such as the basic mathematics concepts and the ability to solve 
word problems in the treatment group. 
In the comparison group 2, the results indicated that the results of the repeated t-tests 
showed that there were no significant differences between pre-score and post-score on the 
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attitudes toward mathematics and computer-related technologies as well as the mathematical 
knowledge such as the basic mathematics concepts and the ability to solve word problems 
and problem-planning. 
Multivariate analysis of variance (MANOVA) was used to determine the presence of 
pre-test sensitization on the sets of post-tests of attitudes toward mathematics and computer-
related technologies, and the mathematical knowledge tests such as the basic concept test, 
word problem test, and problem-planning test between the comparison group 2, which did 
not take the post-tests, and the two groups of the treatment and comparison 1 groups which 
took the post-tests. The results of the MANOVA revealed that there was no significant 
difference between the score of the comparison group 2 and the mean scores of the treatment 
and comparison 1 groups. The results showed no presence of pre-test sensitization on the 
sets of post-tests of attitudes toward mathematics and computer-related technologies, and the 
mathematical knowledge tests such as the basic mathematics concepts test, the word problem 
test, and the problem-planning test between the comparison group 2 and the two groups of 
the treatment and comparison 1 groups. 
The analysis of covariance (ANCOVA) was utilized to test the following two 
dependent variables among the three groups: post-scores of attitudes toward mathematics and 
attitudes toward computer-related technologies. The ANCOVA results indicated that 
students in the treatment group performed significantly higher than students in the two 
comparison groups on the measurements of post-scores of attitudes toward computer-related 
technologies covarying pre-scores whereas there was no significant difference among the 
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treatment, comparison 1, and 2 groups on the measurements of post-scores of attitudes 
toward mathematics after covarying pre-scores. 
Multivariate analysis of variance was used to analyze the hypothesis on the 
effectiveness on the mathematical knowledge measurements of post-scores of the basic 
concept test, word problem test, and problem-planning test among three groups. The results 
showed that there were no significant differences on the basic skill, word problem ability and 
problem-planning skills among three groups. 
The ANOVA was used to test the dependent variable of teaching strategy scores. The 
results indicated that participants in the treatment group performed significantly higher than 
participants in the comparison groups 1 and 2 on the measurement of their decisions on the 
teaching strategy. 
According to the auxiliary finding section, the participants in the treatment group 
performed significantiy higher than participants in the comparison groups 1 and 2 on the 
measurement of their decisions on both category 1 (using appropriate content emphasizing 
context) and category 3 (approaching student-centered instruction) of the teaching strategy 
test. The auxiliary findings also showed that there were no significant differences on the 
measurement of their decisions on both category 2 (encouraging mathematical 
communication) and category 4 (using appropriate materials) of the teaching strategy test 
among the participants in the three groups. 
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CHAPTERS. SUMMARY, DISCUSSION, AND RECOMMENDATIONS 
The purpose of this chapter is to summarize the research study, provide a discussion 
of the significance of the study, and present recommendations for future research in the area 
of mathematics education. The chapter is organized into the following sections: (a) Summary 
of the Research Study; (b) Discussion of the Results; (c) Recommendations for Further 
Research; and (d) Concluding Remarks 
Summary of the Research Study 
The focus of this research was to examine the effects of using constructivist-based 
instruction including the use of multimedia on decisions about teaching strategies made by 
preservice elementary mathematics teachers as they planned a lesson and their attitudes 
toward mathematics and computer-related technologies. 
Development of the study 
Most traditional mathematics instruction has focused on the transmission and 
memorization of isolated facts and proficiency with paper-and-pencil procedural skills rather 
than on conceptual understanding, mathematical reasoning, connection to other disciplines, 
and problem solving by appropriate use of technologies (NCTM, 1989). However, supported 
by the publication of a Nation at risk in 1983 and Everybody counts (NRC, 1989), 
mathematics education in the United States was faced with the need for reform on effective 
teaching and learning of mathematics. 
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When the Curriculum and evaluation standards for school mathematics (NCTM, 
1989) and the Professional standard for teaching mathematics (NCTM, 1991), were 
published, the NCTM (1989) asserted that knowing math is doing math and what students 
leam depends to a great degree on how they leam it. Nevertheless, the actual changes for 
mathematics educators have progressed slowly. Changing the beliefs about mathematics 
teaching and learning that teachers possess requires them to have powerful experiences in 
mathematical thinking and conceptual understanding (Hyde, 1989). 
Many of the instructional changes proposed by NCTM can best be understood from a 
constructivist perspective (Clements & Battista, 1990). Constructivism implies the creation 
of teaching-learning contexts and environments in which, through interactions with their 
teacher, peers, and physical environments, learners continuously construct their own 
individual knowledge and taken-as-shared knowledge (Cobb et al., 1990, 1992; Roth, 1993). 
Through constructivism, which underlies the reform for mathematics education as advocated 
by the NCTM, the teaching-learning process can be analyzed critically, imaginatively, and 
interactively (Noddings, 1990; von Glasersfeld, 1990). 
Appropriate uses of computer-related technologies such as multimedia, microworlds, 
simulations, and problem-solving programs have a natural potential to enable students to 
investigate, examine, and solve problems in student-centered environments. Although these 
student-centered environments using computer-related technologies have been advocated as 
part of the reform in education, specific approaches focused on constructivist-based uses have 
been relatively limited. More empirical research is needed to test the potential of various 
instructional tools and methods to impact on mathematics reform. 
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One learning/teaching tool that has been advocated as a potential tool to promote 
mathematical problem solving strategies is the "Adventures of Jasper Woodbury," a 
videodisc-based series designed by the Cognition and Technology Group at Vanderbilt 
(1990,1991a, 1992a). Even though educators have recognized technology's potential and 
efifects on the future of education (NCTM, 1989; Papert, 1988), the most critical factor 
affecting the impact of computer-related technologies in K-12 schools lies in the fact that 
most preservice teachers have had little or no training in the use of new technologies 
(Scrogan, 1989). Little research exists about the use and integration of effective technologies 
based on constructivism in preservice teacher education programs. 
The purpose of this study was to empirically examine the effectiveness of using 
constructivist-based instruction on the development of decisions about generating teaching 
strategies and attitudes among preservice elementary teachers. Further, the videodisc 
"Rescue Boone's Meadow" of the Jasper multimedia-based series was selected as a teaching 
tool to provide a challenging teaching envirormient. 
This research focused on three possible effects of the use of constructivist-based 
instruction including the use of multimedia. First, the effects of such instruction on the 
development of attitudes toward mathematics and computer-related technologies were 
examined. Second, the effect of use of constructivist-based instruction including the use of 
multimedia on the development of mathematical knowledge was studied. Finally, the effect 
of such instruction on decisions about teaching strategies in teaching ratios/proportions was 
investigated. 
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Methodology 
In this study, the participants were 73 students enrolled in an elementary education 
mathematics methods course in Fall, 1996 at Iowa State University. Due to the complex 
schedules of students, randomly assigning each participant to either a treatment or 
comparison groups was not possible but all sections of the course were involved in this study. 
After the treatment group (N=28) and its instructor were selected, the other two groups were 
assigned randomly to either the comparison 1 (N=18) or comparison 2 group (N=27). 
At the beginning of the course, a demographic questionnaire was given to the 
participants in order to provide information on academic and demographic background. 
From the demographic questionnaire, the following six variables were used to examine the 
homogeneity of the treatment and two comparison groups; gender, college major, class 
standing, self-reported GPA, mathematics courses taken in high school, and microcomputer 
computer software program experience. 
Students in the treatment and comparison 1 groups were given (1) the mathematics 
attitude questionnaire, (2) the computer-related technologies attitude, (3) the basic 
mathematics concept test, (4) the word problem test, and (5) the problem-planning test. 
After seven weeks of instruction, the treatment group engaged in the two week 
experiment, using problem-solving videodisc. Participants in comparison groups 1 and 2 
were given constractivist-based instruction without videodisc problem-solving over the same 
mathematics methods course content: Teaching and Learning via Problem Solving; 
Technology; and Ratios/Proportions. 
128 
The treatment group's constructivist-based videodisc instruction involved three main 
sections; introducing the constructivist instruction smdy; modeling a constructivist-based 
instruction using the Jasper series by brainstorming, investigating problem solving plans, and 
presenting plans; and investigating ratios and proportions using educational videotapes. 
After the two weeks of instruction with the topics of teaching and learning via 
problem solving, technology, and ratios/proportions, the three groups were given the 
mathematics attitude questioimaire, the computer-related technologies attitude questionnaire, 
the three tests related to mathematics content (basic mathematics concept, word problem, and 
problem-planning), and the teaching strategy test. 
Collected data were analyzed using the SPSS statistical package. 
1. Descriptive statistics were used to obtain a general picture of the sample regarding the 
research variables. Those statistics included frequencies, percentages, mean, and 
standard deviation. 
2. Analysis of variance (ANOVA) and nonparametric chi-square test were used to assess 
homogeneity of academic and demographic background among the three groups. 
3. Paired t-tests (before and after treatment) were used to analyze the hypotheses 
concerning the effectiveness of the treatment on the following tests: (1) attitudes toward 
mathematics, (2) attitude toward computer-related technologies, and (3) students' 
mathematical knowledge such as basic mathematics concepts, word problems, and 
problem-planning. 
4. Multivariate analysis of variance (MANOVA) was used to determine the presence of 
pre-test sensitization on the following post-test variables: (1) the attitudes toward 
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mathematics, (2) the attitude toward computer-related technologies, and (3) the tests of 
mathematical knowledge (the basic concept test, word problem test, and problem-
planning test). This MANOVA analysis was used to compare the differences between 
the comparison group 2, which didn't have the post-tests, and the two groups of the 
treatment and comparison 1 groups, which had the post-tests. 
5. Analysis of covariance (ANCOVA) was used to test the following two dependent 
variables among the three groups: post-scores of attitudes toward mathematics and 
attitudes toward computer-related technologies. 
6. Multivariate analysis of variance (MANOVA) was used to analyze the hypothesis on 
the effectiveness on the mathematical knowledge measurements of post-scores of the 
basic concept test, word problem test, and problem-planning test among the three 
groups. 
7. Analysis of variance (ANOVA) was used to test the dependent variable of teaching 
strategy scores among the three groups. 
8. Independent t-tests were used to analyze the hypotheses concerning the effectiveness of 
the treatment on the following tests: (1) attitudes toward mathematics, (2) attitude 
toward computer-related technologies, (3) the teaching strategy test, and (4) each 
category of the teaching strategy test. 
based 
Discussion of the Results 
The purpose of this study was to investigate the effectiveness of using constructivist-
instruction including the use of multimedia on preservice elementary teachers 
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decisions about generating teaching strategies and their attitudes toward mathematics and 
computer-related technologies. The results of this study must be cautiously interpreted due 
to the facts that each group had a different instructor and these instructor differences and 
group differences could be attributed to instructor effect. 
Statistical analysis of the pre-experimental measures was reported. Based on the 
statistical analysis of preservice teacher t-tests and nonparametric chi-square tests, the 
researcher noted that there were no statistically significant pre-experimental differences 
among the three groups on any of the following background characteristics: (1) demographic 
background: gender, class standing, and college major, and (2) academic background: self-
reported GPA, mathematics courses taken in high school, and computer software 
experiences. These results demonstrated the homogeneity of the three groups in the areas 
described above prior to the experiment. 
Seven hypotheses were established to examine the effects of the use of constructivist-
based instruction with a 2-week use of multimedia instruction on the development of 
attitudes toward mathematics and computer-related technologies and decisions about 
teaching strategies. The independent variable for hypotheses 1 through 3 was the presence of 
the constructivist-based instruction treatment including the use of multimedia: before 
treatment vs. after treatment. The independent variable for hypotheses 4 through 7 was the 
instructional methodology used to teach: Teaching and Learning via Problem Solving; 
Technology; and Ratios/Proportions. The methods were (1) constructivist-based instruction 
including the use of multimedia and (2) constructivist-based mathematics methods 
instruction. 
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The six dependent variables for the study were mathematics attitude scales, computer-
related technologies attitude scales, basic mathematics concept scores, word problem scores, 
problem-planning scores, and teaching strategy scores. 
Hypothesis one predicted that the post-attitudes toward mathematics of pre-service 
teachers in the treatment group in an elementary mathematics methods class would be 
significantly more positive than their pre-attitudes toward mathematics. Two methods of 
paired (repeated) t-tests were used in order to analyze the hypothesis. 
Two methods were utilized: (Method 1) an average score for the mathematics attitude 
obtained by making a total of the scale values for all items selected by participants, and 
(Method 2) a general mathematics attitude scale placed on a continuum from 1 through 11. 
The results of two paired t-tests showed that statistically significant differences on the 
mathematics attitudes existed between the pre-test and the post-test scores in the treatment 
group. On the other hand, the results of two paired t-tests in the comparison group 1 showed 
no significant differences in the mathematics attitudes of the participants. Although the 
comparison 1 group's scores remained higher than the treatment group's scores, only the 
treatment group demonstrated a statistically significant improvement. This finding 
demonstrated that the attitudes toward mathematics of the students in the treatment group 
improved after the treatment. 
This finding supports findings of previous research focused on preservice teachers' 
attitude toward mathematics, suggesting that a non-traditional approach to teaching 
mathematics could facilitate the development of mathematics attitude of preservice teachers 
(Dutton, 1965; Sharp-Laird, 1992). Sharp-Laird found that the mean of the post-attitude 
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score for participants in a mathematics methods that included non-routine problem solving 
was significantly higher than the mean of the pre-attitude score for the sample. Dutton 
(1965) observed that a strong improvement in the mathematics attitudes of preservice 
elementary mathematics teachers who used teaching mathematics methods based on 
developing mathematics firom the concrete to the abstract. The resxilts of this study could 
confirm that the attitudes toward mathematics of preservice elementary mathematics teachers 
with constructivist-based instruction approach became more imiformly positive attitudes 
toward mathematics. 
Hypothesis two predicted that, among the treatment group, the post-attitudes toward 
computer-related technologies of preservice teachers would be significantly more positive 
than their pre-attimdes toward computer-related technologies. The result showed that a 
significant difference in the attitudes toward computer-related technologies existed between 
the pre-test and the post-test scores in the treatment group. On the other hand, the results of 
paired t-test in the comparison group 1 showed no significant differences in the computer-
related technology attitudes of the participants. 
The result was consistent with results of previous studies (Koohang, 1987; Loyd «& 
Gressard, 1984), which indicated teachers with more experiences with computers have 
greater confidence in their attitudes toward computers. Thus, the researcher concluded that 
experiencing a constructivist-based course with focused constructivist-based computer-
related technology is helpfiil to improve preservice elementary teachers attitudes toward 
computers and computer-related technologies. 
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It appears that the use and integration of computer and computer-related technology 
are useful in improving preservice elementary teachers' attitudes toward computers and 
computer-related technologies. During the two week experiment, explicitly modeled 
constructivist-based instruction including the enhanced use of multimedia in the treatment 
group might have provided these positive results. 
In particular, the instmctor in the treatment group encouraged preservice teachers to 
think about not only how the situational problems, embedded in multimedia material, could 
be solved with an open-ended approach, but also how the problem-solving videodisc 
experience could be used in their future classrooms in meaningful ways. It might have 
helped preservice teachers develop more positive attitudes toward mathematics and 
computer-related technologies. Thus, this result suggests that preservice elementary 
mathematics methods course instruction with the Jasper series will improve preservice 
elementary mathematics teachers attitudes toward computer-related technologies. 
Hypothesis three predicted that the post-test scores of mathematics ability in terms of 
basic concepts, word problems, and problem-planning of preservice teachers in the treatment 
group in an elementary mathematics methods class would be higher than the pre-test scores 
of their mathematics ability in terms of basic mathematics concepts, word problems, and 
problem-planning. The resixlts showed that there was no statistically significant difference on 
the basic concept test and word problem test between pre-tests and post-tests in the treatment 
group. 
One possible explanation for the statistically non-significant results on the tests would 
be that the mathematical concept knowledge was not a major focus for the participants 
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attention. Another explanation may be that the tests were not difficult or sensitive enough to 
detect changes in content knowledge. 
On the other hand, the results showed that the ability of students' problem-planning in 
the treatment group improved after the treatment. That is, participants in the treatment group 
developed their problem-planning ability by integrating story-based problem solving 
multimedia into their approaches to teaching elementary mathematics. 
This finding supports previous research on the Jasper series (Cognition and 
Technology Group at Vanderbilt, 1992c) suggesting that the Jasper series instruction could 
facilitate the development of students' problem-planning strategies. Thus, this result 
suggests that constructivist-based instruction including the use of the Jasper series will make 
a positive difference in the development of students' problem-planning strategies. 
In testing hypotheses four through six, a multivariate analysis of variance 
(MANOVA) was initially used to test the presence of pre-test sensitization on the sets of 
post-tests. MANOVA was used to determine the presence of pre-test sensitization on the 
following sets of post-tests: (1) attitudes toward mathematics; (2) attitudes toward computer-
related technologies; and (3) mathematical knowledge tests such as the basic concept test, 
word problem test, and problem-planning test. These tests are compared between the 
comparison group 2, which did not have the pre-tests, and the two groups (the treatment and 
comparison 1 groups), which had pre- and post-tests. 
The results revealed that there was no significant difference between the score of the 
comparison group 2 and the mean scores of the treatment and comparison 1 groups. 
Therefore, the results showed no presence of pre-test sensitization on the sets of the post-
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tests. The treatment and comparison 1 groups' pre-test presence on the sets of test described 
above did not show a significant effect on the post-tests scores. 
Hypothesis foiir predicted that the post-attitudes toward mathematics of preservice 
teachers in the treatment group in an elementary mathematics methods class would be 
significantly more positive than the post-scores of preservice teachers in comparison 1 group 
after covarying pre-test scores of mathematics attitude questionnaire. The results showed 
that there was no difference on the post-score of attitude toward mathematics between 
treatment and comparison 1 groups after covarying pre-test scores of mathematics attitude 
questionnaire. 
One possible explanation for this result would be that the mathematics attitude pre-
questionnaires scores of preservice teachers in the treatment group were low, whereas the 
comparison group 1 showed high mathematics attitude scores on the pre-test. In fact, the 
treatment group showed a significant, positive improvement on mathematics attitude after the 
treatment, whereas comparison group 1 did not show a significant improvement on the 
mathematics post-score. 
Hypothesis five predicted that the post-attitudes toward computer-related technologies 
of preservice teachers in the treatment group in an elementary mathematics methods class 
including the use of multimedia material would be significantly more positive than the post­
attitudes of preservice teachers in comparison 1 group after covarying pre-attitudes toward 
computer-related technologies. The results showed that there was a significant difference 
between the treatment and comparison 1 groups on the post-score of attitude toward 
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computer-related technologies after covarying pre-test scores of the computer-related 
technologies attitude questionnaire. 
This finding imphes that the uses and integrations of computer-related technologies 
help preservice elementary teachers improve their attitudes toward computer-related 
technology. This result strongly supports previous research suggesting that increased use of 
computers leads to more positive attitudes toward computers (Koohang, 1987; Loyd & 
Gressard, 1984). Thus the result suggests that the use and integration of the computer-related 
technologies into elementary mathematics methods class might make a positive difference in 
the development of preservice elementary mathematics teachers' attitudes toward computer-
related technologies. 
Hypothesis six predicted that the scores of mathematics ability in terms of basic 
concepts, word problems, and problem-plaiming of preservice teachers in the treatment group 
in elementary mathematics methods class would be significantly different from the scores of 
preservice teachers in the two comparison groups. The results showed that there was no 
significant difference among the three groups on the post-test of the basic concept test, the 
word problem test, and the problem-planning test. 
A possible explanation for this result is that all 3 instructors imparted the mathematics 
knowledge equivalently. Another possible interpretation would be that the mathematical 
concept knowledge was not a major focus for the participants on this study. A third 
explanation might be related to the short instructional period devoted exclusively to 
ratios/proportions. However, it is possible that a longer expanded study might have shown 
different results. 
137 
Hypothesis seven predicted that the test scores of preservice teachers' decisions about 
teaching strategies for teaching mathematical problem solving in the treatment group would 
be significantly different from the scores of preservice teachers in the two comparison 
groups. The data showed that a statistically significant difference existed on the teaching 
strategy test among the three groups. There were statistically significant differences between 
the treatment and the comparison 1 group and between the treatment and the comparison 2 
groups whereas there was no significant difference between the comparison 1 and the 
comparison 2 groups on the teaching strategy test. The use of videodisc enhanced a 
constructivist-based mathematics methods course. 
The results showed that the participants in the treatment group performed 
significantly higher than participants in the comparison groups 1 and 2 on the measurement 
of their decisions on both category 1 (using appropriate content emphasizing context) and 
category 3 (approaching student-centered instruction) of the teaching strategy test. The 
treatment group on average functioned at or near Level II, whereas the comparison groups 
fimctioned at or below level 1. The treatment group on average showed that they tended to 
focus on more appropriate student learning based on constructivism, whereas the comparison 
groups showed that they attempted to modify instruction without deep understanding of 
constructivism. These results support the notion that the participants who interacted with the 
multimedia were better able to plan contextual and student-centered learning experience. 
The results showed that there were no significant dififerences on the measurement of 
their decisions on both category 2 (encouraging mathematical communication) and category 
4 (using appropriate materials) of the teaching strategy test among the participants in the 
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three groups. These results may be due to the fact that all three instructors used 
manipulatives daily and with a focus on the NCTM Curriculum and evaluation standards', 
the mathematical communication strand was also ever present. 
During the experiment, explicitly modeled constructivist-based instruction, including 
the use of multimedia in the treatment group, seemed to facilitate the development of 
decision making capabilities about teaching strategies. Particularly, the instructor in the 
treatment group not only encouraged preservice teachers to think about how the videodisc 
experience improved their understanding of constructivism in learning/teaching mathematics 
in meaningful ways, but also encouraged them to model and reflect that comprehension of 
constructivism in their conceptions of their future mathematics classrooms. 
When an explicit model for teaching mathematics is given through instructor-
mediated explanation and this teaching is practiced, preservice teachers may make the 
following decisions concerning their teaching strategies: (1) to use appropriate, authentic 
content of mathematical experiences emphasizing context, (2) to communicate 
mathematically with students, (3) to use student-centered instruction, and (4) to use 
appropriate materials in their teaching. Preservice elementary teachers in the treatment group 
were able to articulate a more constructivistic approach to decisions about teaching 
ratios/proportion contents than preservice teachers in the two comparison groups. 
The results support and expand previous constructivism research suggesting that 
constructivist-based instruction through an inservice program in mathematics education could 
facilitate the development of elementary teachers' teaching strategies consistent with recent 
reform movements (Simon & Schifter, 1991,1993). Thus, this result suggests that 
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constructivist-based instruction including the use of multimedia makes a positive difference 
on reform in mathematics education. 
This study offers a potential teaching model of constructivist-based instmction 
including the use of multimedia to help preservice elementary teachers improve mathematics 
teaching. The results suggests that the use of a videodisc clearly enhanced the constructivist-
based mathematics methods course. The results of this study may provide useful idea for the 
design of an elementary mathematics methods course for preservice teachers. 
As Handler and Pigott (1994), Hess (1992), and Wetzel (1993) support the use and 
integration of technologies across the entire teacher education curriculum, future researchers 
may use the constructivist-based model including the use of multimedia as a foundation to 
explore other subjects. Moreover, they may examine parts of this instruction model in 
greater detail to identify specific items or procedures that contribute to preservice teacher 
learning. Thus, the significance of the study has practical and theoretical implications for 
teaching mathematics based on constructivism. 
Recommendations for Further Research 
The purpose of this study was to investigate whether preservice elementary teachers' 
decisions about generating teaching strategies and attitudes could be improved through the 
use of videodisc problem solving with a constructivist approach. The results showed that 
using constructivist-based instruction including the use of multimedia was more effective 
than constructivist-based mathematics methods instruction in helping preservice teachers 
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develop their positive attitudes toward mathematics and computer-related technologies and 
choosing teaching strategies. 
The following recommendations are made for further study. 
1. The period of focused multimedia treatment in this study was very short. A study over 
a longer time period seems warranted from the positive findings of this study. A longer 
study might reveal different effects for each group. 
2. The pre-test in this study was administrated at the begiiming of the course. In a 
subsequent study, an additional pre-test could be administrated immediately prior to the 
2-week multimedia intervention to more explicitly control for possible instructor 
differences and further isolate differences due solely to the multimedia experience. 
3. The sample size of this study was small (N=73). The procedure of assigning students to 
sections of the course in this study was not random. To increase interpretive power of 
the statistics, it is recommended that random sampling and random assignment with 
more participants be used in a future study. 
4. The instructor for each group was different. It is recommended that the same instructor 
for each group be provided for instructor controls as well as pedagogy controls. 
5. The subjects used in this study were teaching and learning via problem solving, 
technology, and ratios/proportions. It is recommended that constructivist-based, 
multimedia enhanced instruction be used in a variety of mathematics subjects to 
examine the potential of this teaching model for facilitating the teaching of different 
content. 
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6. The instrument used to measure preservice teacher decisions about teaching strategies 
was developed and used for this first time in this study. Thus, the researcher 
recommends that future research studies focus on refining this instrument to improve its 
sensitivity for gathering teaching data related to preservice teachers' decisions. 
Concluding Remarks 
This study focused on constructivist-based instruction including the use of 
multimedia and the development of attitudes toward mathematics and computer-related 
technologies and decisions about teaching strategies. The study was conducted to provide 
empirical evidence about the effects of instructional methodology in teaching mathematical 
problem solving through constructivist-based instruction including the use of multimedia. 
There are numerous research studies on teaching methodology of mathematical problem 
solving targeting inservice teachers. Nevertheless, there is little evidence on how 
constructivist-based instruction including the use of multimedia can be modeled for 
preservice teachers in order to improve their attitudes and teaching strategy decisions. 
The study also supported the potential power of using constructivist-based instruction 
including the use of multimedia to develop preservice teachers' professional methodology in 
their teaching of mathematics. Findings of this study indicate that it is helpful to provide 
preservice elementary mathematics teachers with a constructivist-based learning/teaching 
model including the use of multimedia. 
The attitude toward mathematics of preservice elementary mathematics teachers in 
the treatment group were still more negative than the two comparison groups'. Although the 
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comparison 1 group's scores remained higher than the treatment group's scores, only the 
treatment group demonstrated a statistically significant improvement. 
The result showed that a significant difference in the attitudes toward computer-
related technologies existed between the pre-test and the post-test scores in the treatment 
group. The preservice elementary mathematics teachers' post-attitudes in the treatment 
group showed more positive than their pre-attitudes toward computer-related technologies. 
On the other hand, the results showed that there were no significant differences between the 
pre-attitudes and post-attitudes toward computer-related technologies in the participants of 
the comparison group 1. 
Further, the preservice elementary mathematics teachers in the treatment group 
developed remarkable skill in their articulation of a constructivist-based strategy of teaching 
mathematics. Specifically, the preservice elementary mathematics teachers in the treatment 
group described more appropriate content emphasizing context and approaches to student-
centered instruction in their decisions on the teaching of ratios/proportions than the 
preservice elementary mathematics teachers in the two comparison groups. On the other 
hand, the resxilts showed that there were no significant differences in their decisions on both 
encouraging mathematical commimication and using appropriate materials in their teaching 
of ratios/proportions among the participants in the three groups. These results may be due to 
the fact that all three instructors used manipulatives daily and emphasized mathematical 
communication as one of the NCTM K-12 standards. 
Educators are facing fundamental issues related to teaching meaningful mathematics 
to students in order to learn to learn mathematics in their rapidly changing technological 
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information society. Constructivism has been regarded as a valuable and powerful theory in 
implementing the reform in mathematics education that learners actively engage in the 
process of making sense of their environment and experiences so that they can create their 
own knowledge. To respond to the calls for reform in mathematics education, this research 
has demonstrated a successfiil instructional organization for developing preservice teachers' 
attitudes and teaching strategies. However, constructivism takes a long time to learn as a 
learner and as a teacher and to show its effect on learning mathematics. Professional 
development of teachers' mathematics methodology with constructivist-based instruction and 
technology is an area of research that deserves continued attention. 
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APPENDIX A. HUMAN SUBJECTS CONSENT FROM 
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Informed Consent Document for an Appraisal of 
Pre-service elementary school teachers' reactions to learning and teaching mathematics. 
By: Min Kyeong Kim Iowa State University 
You are invited to be a part of a study of pre-service elementary school teachers from Iowa State University 
who are enrolled in ELED 448. I hope to learn whether or not a constructivistic anchored instruction using a 
multimedia material has an impact on not only attitudes toward mathematics and computer but also 
mathematics problem solving strategies. Your participation will take approximately 7 hours including the 
following: 
• 40 minutes for Demographic questionnaire (about 5 min.), (pre-) Arithmetic attitude survey (about 5 min.), 
(pre-) Survey of teacher attitude toward computer-related technologies (about 5 min.), and pre-tests of 
Basic concepts test (about 5 min.). Word problems (about 10 min.), and Planning problems (about 5 min.) 
• Five hours for class activities 
• One hour for (post-) Arithmetic attitude survey(about 5 min.), (post-) Survey of teacher attitude toward 
computer-related technologies (about 5 min.), and post-tests of Basic concepts test (about 5 min.). Word 
problems (about 10 min.). Planning problems (about 5 min.) and Teaching Strategy test (about 20 min.). 
If you decide to take part, I would like you to complete a brief information survey. None of the surveys and 
tests will affect your grade in these courses in any way. All students in the class will participate in the snidy 
activities; you may however, choose not to have your data included as part of this study. 
If you have any questions, now or in the future, please ask me. You may contact us: 
Min Kyeong Kim 
or 
Janet Sharp 
N157 Lagomarcino Office £115 Lagomarcino 
Iowa State University 4-8688 
Ames, Iowa 50011 
If you decide to take part in this study, you are free to withdraw your consent and to discontinue use of your 
data at any time with the understanding that this study does not provide financial compensation to subjects. 
Upon conclusion of this study, if you feel that you have unanswered questions or concems, please feel free to 
discuss them with us. 
Please answer the following questions: 
1. I consent to the publication of dkect quotations from the information I have given, provided that my name is 
not used. 
Yes No 
2. I consent to the use of part of my social security nmnber to be used in coding the data for data analysis only. 
Yes No 
I have read the above statements and have been fully advised of the procedures to be used in this research. I, 
(do / do not) volunteers to have my data included. 
print name circle one 
X 
date social security number signature of volunteer 
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Demographic Questionnaire Identificationmmber: 
Sex: 1.Female 2. Male 
Major: 1. Elementary Education and/or Special Education 
2. Early Childhood Education 
3. Others ( ) 
Academic Year: 1. Freshman 2. Sophomore 3. Junior 4. Senior 5. Others ( ) 
1. What is your current college GPA? 
2. Please list all the high school mathematics courses you have had: 
3. What kinds of microcomputer instructional technologies have you used of the following application? List 
no more than three for each application and leave it blank if you have never used one. 
il Word processing (e.g. Appleworks, Macwrite, Microsoft Word, Others.) 
il Desktop publishing (e.g. Printshop, Pagemaker, Writing Center, Microsoft Word, Others.) 
i Database management (e.g. Bankstreet Filer, Microsoftworks, FileMaker Pro, Others.) 
i Electronic spreadsheet (e.g. Microsoftworks, Appleworks, Excel, Lotus, Others.) 
® Programming (e.g. Basic, COBOL, FORTRAN, Pascal, C Language, C-h-, Logo, Others.) 
® Educational software program (e.g. Geometric Golfer, Story Book Weaver, The backyard. The New Kid on 
the Block, STV: The Rain Forest, The Factory, Where in Space is Carmen San Diego, Others.) 
® Graphic tools (e.g. MacPaint, MacDraw, Kidpix, Inspiration, Others.) 
® Interactive Multimedia (e.g. HyperStudio, HyperCard, Linkway, Others.) 
$1 Electronic networks (e.g. Telecommunication, World Wide Web, Gopher, Netscapes, Other.) 
® Distance Education (e.g. Satellite video teleconferences, 2-way video, 2-way audio. Others.) 
® Others. 
148 
APPENDIX C. DEMOGRAPHIC INFORMATION OF THE COMPARISON 
1 AND 2, AND THE TREATMENT GROUPS 
149 
Demographic information of the comparison 1 and 2. and the treatment groups 
Variables Treatment Comparison 1 Comparison 2 
N Percent N Percent N Percent 
Gender 
Female 25 89.3 17 94.4 23 85.2 
Male 3 10.7 1 5.6 4 14.8 
28 100.0 18 100.0 27 100.0 
Class standing 
Junior 1 3.6 0 0 0 0 
Senior 26 92.9 17 94.4 25 92.6 
5th year 1 3.6 1 5.6 2 7.4 
28 100.0 18 100.0 27 100.0 
Major 
Elementary Edu. 20 71.4 14 77.8 22 81.5 
Early Childhood 7 25.0 4 22.2 5 18.5 
Edu. 1 3.6 0 0 0 0 
Dual 
28 100.0 18 100.0 27 100.0 
Mathematics 
courses taken 
One 1 3.6 0 0 0 0 
Two 8 28.6 2 11.1 3 11.1 
Three 15 53.6 11 61.1 17 63.0 
Four 3 10.7 5 27.8 5 18.5 
Five I 3.6 0 0 2 7.4 
28 100.0 18 100.0 27 100.0 
Experiences with 
computer software 
packages 
Word processing 28 100.0 18 100.0 27 100.0 
Desktop processing 28 100.0 18 100.0 27 100.0 
Database 24 85.7 14 77.8 22 81.5 
management 25 89.3 16 88.9 26 96.3 
Spreadsheets 21 75.0 10 55.6 25 92.6 
Programming 22 78.6 17 94.4 25 92.6 
Computer software 28 100.0 18 100.0 27 100.0 
Graphic tools 26 92.9 18 100.0 26 96.3 
Interactive 28 100.0 17 94.4 27 100.0 
multimedia 
Electronic networks 
Standard Standard Standard 
Mean Deviation Mean Deviation Mean Deviation 
Self-reported GPA 3.21 .45 3.21 .26 3.15 .37 
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Report of the pilot study 
Procedure Time Notes 
Day 1 (June 25,1996) 
I. Introduction and overall purpose of the 5 min 
study 
2. Have students sign consent form. 5 min 
3. Get students pre-test materials 50 min. 
Day 2 (June 26,1996) 
Introduction and overall purpose of the 15 min 
study. Demonstrate Mathematical skills 
chart to show what kinds of content 
included in this material. 
2. Show the story of "Rescue at Boone's 15 min Students are asked not to take notes 
Meadow" using the videodisc regarding the story. 
3. Divide students in groups. 5 min Students randomly assigned to 
groups. 
4. Clarify the story, terms, and concepts in 15 min Students use Vocabulary handout and 
groups. Brainstorm overall goal and fill in Worksheet I. 
subproblems in groups. 
5. Brainstorm overall goal and subproblems 10 min Students present their group's 
in whole class (See Appendix L for brainstorming and take notes on the 
detail). board. 
Day 3 (June 27, 1996) 
1. Outline and demonstrate how to use the 10 min 
videodisc controller 
2. Divide students in groups: 35 min Each two groups were assigned to 
-Review brainstormed goal and each videodisc player stations. 
subproblems 
-Replay scenes in the video in group and 
frame numbers of scenes to be used. 
3. Investigate rescue plan in groups. 15 min Use Worksheet 2. 
Day 4 (July 1, 1996) 
1. Make assumptions of the rescue plans 5 min It was assumed that the doctor should 
stay at his office and that the vehicles 
which are shown in the story can be 
used. (A 4^4 vehicle is unavailable 
for use in rescue plans.) 
2. Have students prepare for the presentation 25 min. Use Worksheet 3. 
of each group. 
3. Have students the presentation and 50 min. 
discuss their rescue plan in whole class. 
Day 5 (July 2,1996) 
1. Get students post-tests 50 min. 
2. Comments 20 min. 
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Demographic Questionnaire 
Identification number: 
Sex: F M 
Age: 
Major: 
Academic Year; Freshman ( ) Sophomore ( ) Junior ( ) Senior ( ) 
1. What is your current college GPA? 
2. Please list all the high school mathematics courses you have had: 
3. What kinds of microcomputer instructional technologies have you in each of the following 
area? List no more than three for each application and leave it blank if you have never used 
one. 
• Word processing (e.g. Appleworks, Macwrite, Microsoft Word, Others.) 
•Desktop publishing (e.g. Printshop, Pagemaker, Writing Center, Microsoft Word, Others.) 
•Database management (e.g. Bankstreet Filer, Microsoftworks, FileMaker Pro, Others.) 
•Electronic spreadsheet (e.g. Microsoftworks, Appleworks, Excel, Lotus, Others.) 
•Programming (e.g. Basic, Cobol, Fortran, Pascal, C Language, C++, Logo, Others.) 
•Educational software program (e.g. Geometric Golfer, Story Book Weaver, The backyard. 
The New Kid on the Block, STV: The Rain Forest, The Factory, Where in Space is 
Carmen San Diego, Others.) 
•Graphic tools (e.g. MacPaint, MacDraw, Kidpix, Inspiration, Others.) 
•Interactive Multimedia (e.g. HyperStudio, HyperCard, Linkway, Others.) 
•Electronic networks (e.g. Telecommunication, World Wide Web, Gopher, Netscapes, 
Other.) 
•Distance Education (e.g. Satellite video teleconferences, 2-way video, 2-way audio. 
Others.) 
•Others. 
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Math Attitude Survey Identification number 
Read each sentence. Circle the phase that best describes your feelings about each statement. 
Strongly Disagree No Agree 
Disagree 
1. I am good in math. 
2. You really can't improve how 
well you do in math. 
3. If I can't solve a word problem quickly, 
I will never be able to solve it 
4. It is not important that I learn 
how to solve complex problems. 
5. I can learn about math outside of 
math class. 
6. Math tests scare me. 
7. When I do well in math, it's 
because I am lucky. 
8. I look forward to the chance to 
solve new math problems. 
9. I almost never rework my answers 
to make sure they are correct. 
10. I don't work very hard in math class. 
11. I often use estimation or rounding 
to check my answers. 
12. I feel more confident in my ability to solve 
math problems than I used to feel. 
13. I often think of ways to get the correct 
answer that are different from my teacher's way. 
14. When I do well in math, it's because I am smart. 
15. I like having the chance to work 
on math problems over several days. 
16. Very few people use math in their work. 
17. I often rework my answers to word 
problems to make sure they are correct. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Opinion 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
Strongly 
Agree 
5 
5 
5 
5 
5 
5 
18. I can leam more math from trying 
to solve one hard problem, than I do 
solving several easy ones. 
19. Mathematics is less interesting to me 
than it used to be. 
20. I think getting the right answer is 
the most important part of math. 
21. I am better in math than most 
students in my grade. 
22. I hate doing math. 
23. Top math students work harder 
than others students to leam math. 
24. I like the challenge of solving complex 
problems that involve mathematics. 
25. I try very hard in math class. 
26. I often check to see if my answers 
to word problems make sense. 
27. When I do poorly in math, it's because 
I am not good in math. 
28. The best way for me to solve word problems 
is to find a clue and then do the math. 
29. When I do well in math, it's because 
my teacher did a good job teaching me. 
30. I see lots of uses for math outside of school. 
31. Understanding math is more 
important than getting the right answer. 
32. I dislike mathematics less 
than I used to. 
33. Mathematics is taught in an 
interesting way in my class. 
34. Mathematics is useful only if you 
are going to be a mathematician. 
35. I feel good about my ability to 
contribute ideas when our class 
attempts to solve complex math problems. 
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Teacher Attitudes Toward Computers and Computer-Related Technologies 
To what extent to each of the following statements characterize your attitudes toward computers and computer-related 
technologies. 
Using the categories below, indicate the extent to which you agree or disagree with each statement by circling your response. 
1 2 3 4 5 
Strongly Disagree Disagree Undecided Agree Strongly Agree 
1 2 3 4 5 
SD D U A SA 
1. I think that computers make my professional work more difficult 1 2 3 4 5 
2. I am comfortable in using computer-related technologies for my own work 1 2 3 4 5 
3. I think computers make work more enjoyable I 2 3 4 5 
4. It has been a struggle for me to leam how to use a computer successfully 1 2 3 4 5 
5. Teachers do not need to know how to use a computer 1 2 3 4 5 
6. Computer-related technologies are an important part of the future for 
improving the quality of education 1 2 3 4 5 
7. I lack confidence in using a computer to complete my work 1 2 3 45 
8. I would like to improve my skills in the use of computer-related technologies. . . 1 2 3 4 5 
9. I don't feel threatened by computers 1 2 3 4 5 
10. The computer is useful for assessing and organizing information 1 2 3 45 
11. Word processing makes writing more difficult 1 2 3 4 5 
12. Computers are valuable tools that can be used to improve the quality of education. 1 2 3 4 5 
13. Computer-related technologies should be used to improve learning throughout the 
curriculum. 1 2 3 4 5 
14. Computers are useful for teaching thinking and problem solving skills 1 2 3 4 5 
15. Computer-related technologies should be used by teachers more than they are now. 1 2 3 4 5 
16. My teaching is positively affected when using computer-related technologies. . . 1 2 3 4 5 
17. I do not feel comfortable using computer-related technologies in my teaching. . . 1 2 3 4 5 
18. Computer-related technologies are unnecessary luxuries inmost school settings. . 1 2 3 4 5 
19. Computers are of little value in education because they can be used to teach 
only one or two subjects 1 2 3 4 5 
20. The computer helps me obtain individual diagnostic information from student test 
scores. 1 2 3 4 5 
21. Overall, I think the computer is a very important tool for instruction in my classroom. 1 2 3 4 5 
22. Computer-related technologies are of little value in the classroom because 
they are too difficult to use 1 2 3 4 5 
23. I would like to use computer-related technologies more in my teaching 1 2 3 4 5 
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Identification number 
Basic Concepts Test 
Directions: Circle the best answer to complete each sentence. 
1. A fork is about 6 long. 
feet miles inches yards 
2. A car weighs about 1 . 
pound ton ounce 
3. y4= . 
0.34 0.50 0.60 0.75 
4. A nomial school day lasts about 6 . 
hours seconds days minutes 
5. If you want to put a fence around your yard, you would need to know the 
yard. 
area perimeter volume 
6. There are quarters in a dollar. 
2 4 6 8 
7. of the circle is shaded. 
1/2 1/3 1/4 1/10 
8. In numbers, fifty-six and eight tenths is . 
56.08 56.8 5.68 .568 
9. A scoop of ice cream weighs about 4 . 
pound tons ounces 
10. 1/2= . 
0.10 0.25 0.33 0.50 
11. A car is about 4 long. 
feet miles inches yards 
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12. If you need to know how much grain would fit in a railroad car, you need to know the 
of the railroad car. 
area perimeter volume 
13. In number, there himdred forty-two and seven tenths is 
3.427 .3427 342.7 342.07 ' 
14. It usually takes about 20 to tie your shoes. 
hours seconds days minutes 
15. There are 
6 
dimes in a dollar. 
8 10 12 
16. of the circle is shaded. 
1/3 1/4 1/8 1/12 
17. In numbers, three and twenty-two himdredths is 
322 3.02 3.22 .322 
18. 1/4 = _ 
0.04 0.25 0.40 0.75 
19. 
1/2 
of the circle is shaded. 
1/5 1/6 1/10 
20. 1/10 = 
0.10 0.12 0.20 0.50 
21. If you want to cover your tomato plants to protect them from a frost, you need to know 
the of the garden. 
area perimeter volume 
22. A movie usually lasts about 2 
hours seconds days minutes 
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23. An average-sized grown man weighs about 180 
pounds tons ounces 
24. A piece of notebook paper is about 11 
feet miles inches 
_high. 
yards 
25. If you want to make a frame to put around a picture, you need to know the 
the picture. 
area perimeter volume 
of 
26. of the circle is shaded. 
1/3 1/5 1/2 
27. There are 
10 
nickels in 50 cents. 
15 20 25 
28. In numbers, one hundred seven and six tenths is 
107.06 107.6 10.76 1.076 
29. New York is about 2500 
feet miles 
from Los Angeles. 
inches yards 
30. 1/5 =_ 
0.10 0.15 0.20 0.50 
31. 
1/2 
of the circle is shaded. 
1/3 2/3 
32. There are 
2 
dimes in 50 cents. 
3 4 
33. If you want to put carpeting in a room, you need to know the 
area perimeter volume 
of the floor. 
34. Television commercials usually last 30 
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hours seconds days minutes 
35. 
94.4 
rounds to 94. 
94.7 93.2 95 
36. A small dog weighs about 10 . 
poxmds tons ounces 
37. A basketball goal is 10 
feet miles 
38. 
1/2 
_ from the groimd. 
inches yards 
of the circles is shaded. 
1/3 1/5 1/10 
39. 
76.6 
roimds to 76. 
75.3 77 76.2 
40. If you are going to ride your bike around the edge of a park, you need to know the 
of the park to see far that will be. 
area perimeter volimie 
41. The weekend lasts for 2 . 
hours seconds days nunutes 
42. 1/8 = 
0.080 0.125 0.250 0.800 
43. A door is usually about 7 high. 
feet miles inches yards 
44. of the circle is shaded. 
1/4 2/4 2/3 
45. An apple weighs about 6 . 
pounds tons ounces 
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46. 1/3= . 
0.13 0.20 0.33 0.60 
47. If you know how much a moving truck can hold, you need to know the of the 
truck. 
area perimeter volimie 
48. There are pennies in a dollar. 
50 75 100 150 
49. rounds to 154. 
154.8 154.3 155.1 153.4 
50. Recess lasts about 45 . 
hours seconds days minutes 
51. of the circle is shaded. 
1/2 1/3 1/6 2/3 
52. A bicycle weighs about 20 . 
pounds tons ounces 
53. rounds to 21. 
19.6 20.6 20.3 21.8 
54. There are nickels in a dollar. 
5 10 20 40 
55. 2/3= . 
0.06 0.23 0.40 0.66 
56. If you are going to make a drape to cover a window, you need to know the of 
the window. 
area perimeter volume 
165 
APPENDIX 1. WORD PROBLEMS TEST USED IN THE PILOT STUDY 
166 
Identification number 
Word Problems 
Directions: Show all of your work for the following problems and label each of your answers. 
1. Karen is filling her bathtub. The bathtub is 8 feet long. The faucet delivers water at a 
rate of 12 gallons per minute and she wants to add 132 gallons of water to the tub. How 
many minutes will it take to fill her tub? 
2. Dave wants to buy a shirt that is sale. The size of the shirt is 15. The shirt is on sale for 
one third off the regular price. The regular price of the shirt is $30.00. How much will 
Dave save? 
3. John is taking a trip in his new car. The car cruises at 60 miles per hour. The car can go 
23 miles on one gallon of gas, and the gas tank holds 14 gallons. How far can John travel 
on one tank of gas? 
4. Nancy has rented a car. The cruising speed of the car is 65 miles per hour. The car rental 
agency charges $0.15 for each miles that the car is driven. Nancy drives 85 miles. How 
much will Nancy have to pay the rental agency? 
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5. Jason wants to make some extra money, so he decides to set up a lemonade stand. He has 
a box of 100 paper cups, but he needs to get lemonade. He can either buy already-prepared 
lemonades or buy lemons and sugar and make the lemonade himself. If he buys abready-
prepared lemonade, it will costs $2.40 a gallon. If Jason makes the lemonade himself, it will 
take 12 lemons, and 1 pound of sugar to make a gallon of lemonade. Lemons cost $0.07 each 
and sugar costs $ 1.08 a pound. Would it be cheaper for Jason to buy or to make his 
lemonade? If a gallon of lemonade contains 16 glasses, and Jason sells 80 glasses at $0.25 
each, how much profit will he make? 
6. Farmer Brown has just finished plowing his field. His field is 500 miles long. He plowed 
22 miles on his tractor at a rate of 1 mile every 12 minutes. How many minutes did it take 
Farmer Brown to plow his field? 
7. Marie is the business manager of the local theater group. Marie has learned that 180 
people are interested in seeing a new play that the theater is producing. She has also 
learned that whether these people come to the play depends on the price of the tickets. 
The chart below will help Marie decide what is the best price ticket price. Finish filling in 
the chart and use it to find the ticket price that will result in the greatest amount of money. 
Indicate your answer by circling the best ticket price. 
How much people will pay # of people Expected Income 
up to $1.00 50 $180.00 
up to $2.00 80 
up to $3.00 50 
Total # of people = 180 
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8. Jim is moving to a new house across town. It costs him $75.00 to rent a truck to move 
his furniture. He hires a man to help him load and xmload the truck. The man charges 
$4.50 an hour for his labor and it takes them 4 hours to complete the move. How much 
did it cost Jim to move? 
9. Howard is thinking about running for President of his school's student government. He is 
uncertain about how much support he has among the students, so he decides to take a 
poll. The school has 1100 smdents. Howard randomly selects 100 names from the list of 
students attending the school and gets his friend Anne to phone these students to ask them 
whom they plan to vote for. Forty-three of the students indicate that they plan to vote for 
Howard. Based on the results of the telephone poll, how many students can be expected 
to vote for Howard in the smdent election? 
10. Ben is selling chocolate bars for his school to help raise money to buy a computer. The 
school buys the chocolate bars for $0.80 a piece and sells them for $1.50. Ben sold 123 
bars. How much profit did he make for the school? 
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11. Susan wants to travel from Green Hills to Franklin and from Franklin to Cooksville. She 
travels at a rate of 55 miles per hour. How long will it take Susan to make the trip? 
Green Hills 42 miles Franklin 
68 miles 
Cooksville 
12. Josh is having a party and wants to serve ice cream to his guests. He has $8.58 to spend. 
Ice cream costs $2.39 a gallon. How much money will Josh have left after he buys 3 
gallons of ice cream for his party? 
13. Susan wants to get to North Carolina. She can either fly or drive. If she drives, she will 
have to travel 372 miles at 60 miles per hour (which is the same as 1 mile every 1 minute). If 
she flies, she will take a 45 minute flight to Atlanta, wait there for 3 hours and 20 minutes, 
and then take a I hour flight to North Carolina. How long will each way take and which is 
the fastest? 
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Identification number 
Problem-planning Test 
Part A. 
Jill lives in Carson City. She wants to drive her car from her house to a friend's house in 
Meridien. As shown on the map, Jill can take the road from Carson City to Johnstown and 
Johnstown to Meridien. Her car is filled with gasoline and ready to go. There is a gas station 
in Carson City, Ceymore, and Meridien, but there is not one in Johnstown. Jill plans to leave 
on her trip at 8:00 in the morning. 
The challenge: What does Jill need to think about to figure out how long it will take her to 
make the trip? 
Meridien Johnstown 
Ceymore 
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Part B. 
Jill is driving from Carson City to Meridien. She plans to start at 8:00 in the morning 
with a full tank of gas. Explain why Jill would do each of the following calculations, then 
give the answer that she should get. Label the answer you get from each of the calculations. 
1. Jill does the following addition problem. 
55 miles (the distance from Carson City to Johnstown) 
+ 65 miles (the distance from Johnstown to Meridien) 
Why does she do this? 
What answer should she get? 
2. Jill divides the distance from Carson City to Meridien (129 miles) by the speed she will 
drive (60 miles per hour). 
60 ) 120 
Why does she do this? 
What answer should she get? 
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3. Jill does the following multiplication problem. 
14 gallons (the number of gallons her gas tank holds) 
X 10 miles per gallon (her car's miles per gallon) 
Why does she do this? 
What answer should she get? 
4. Jill compares 140 miles (the distance her car can travel on one tank of gas) to 120 miles 
(the distance from Carson City to Meridien). 
Why does she do this? 
5. Jill did the following addition problem. 
8:00 AM (the time she plans to start in the morning) 
+ 2:00 hrs. (the amount of time it will take her to go 120 miles) 
Why does she do this? 
What answer should she get? 
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APPENDIX K. STUDENT WORKSHEETS FOR THE TREATMENT GROUP 
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Day 1 (Worksheet 1) 
Group 
Brainstorm overall goal and subproblems needed to solve this challenge. 
Overall Goal: 
Subproblems: 
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Day 2 (Worksheet 2) Group 
Investigate rescue plan options and list what you found and describe step by step for your 
solution. (Show all of your calculation for each rescue plans.) 
i^PLAN : 
Hilda's • 
•• 
Doc's 
Boone's Meadow 
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Day 3 (Worksheet 3) Group 
(Your group might follow this format for your presentation.) 
• Steps to solutions of your rescue plan 
=> What kind of information did you find? 
•=> Describe your solution, step by step. 
• List the mathematical content included in this episode. 
• Explain how you might incorporate this videodisc material into your future classroom. 
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APPENDIX L. FINDINGS FROM BRAINSTORMING OVERALL GOALS 
AND SUBPROBLEMS IN THE TREATMENT GROUP 
179 
Overall goals: 
• save the wounded eagle 
• find the quickest way to get the eagle back to get to a veterinarian in Boone's Meadow 
Subproblems: 
• distance 
• distance from flying field to Hilda's 
• distance from Hilda's to Boone's Meadow 
• distance from flying field to Boone's Meadow 
• how far will the ultralight plane fly? 
• minimum landing area of the ultralight 
• speed 
• speed of car 
• speed of ultralight 
• speed limit on the road 
• time 
• time to load the eagle 
• time to take off (ultralight) 
• where to land (ultralight) 
• fiiel 
• stops for fuel 
• where to stop for gas 
• how much gas is needed? 
• mile/gallon 
• weather 
• weight 
• pilot (who is flying) 
• of the eagle 
• carrying fuel 
• payload 
• how severe is the eagle injiired? 
• how to hold the eagle? 
• can we transport a veterinarian? 
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Mathematics concepts embedded in the "Rescue at Boone's Meadow" 
• problem solving 
• cooperative learning in groups 
• incorporating into other subject area (for example, science, social science, and reading 
language arts) 
• proportions 
• measiirement 
• comparison/contrast/converting 
• reasoning 
• estimation 
• division 
• addition 
• figuring mileage and distance 
• map skills 
How will you use the "Rescue at Boone's Meadow" in your future classroom? 
• Use of a thematic imit (for example, animals, travel, map skills, etc.) 
• Use of an environmental study 
• Incorporation into many other subjects such as science, social science, geography, 
technology.. 
• Use for promoting cooperative-learning 
• Literature on rescues 
• concepts of money and paying tips 
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APPENDIX M. STUDENT WORKSHEET (MAZE) FOR THE COMPARISON 1 GROUP 
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Maze 
Playing Board 
100 
START 
o; 
+ 1.9 
-12 
-1.7 xl.09 
FINISH 
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APPENDIX N. MATHEMATICS ATTITUDE QUESTIONNAIRE 
184 
Identification number 
Pre>Service Teacher's Arithmetic Attitude Scale Survey 
W. Button 
Check r X1 only the statements which express your feeling toward arithmetic. 
1. I feel arithmetic is an important part of the school curriculum. 
2. Arithmetic is something you have to do even though it is not enjoyable. 
3. Working with numbers is fun. 
4. I have never liked arithmetic. 
5. Arithmetic thrills me and I like it better than any other subject. 
6. I get no satisfaction from studying arithmetic. 
7. I like arithmetic because the procedures are logical. 
8. I am afraid of doing word problems. 
9. I like working all types of arithmetic problems. 
10. I detest arithmetic and avoid using it at all times. 
11. I have a growing appreciation of arithmetic through imderstanding its values, 
applications and processes. 
12. I am completely indifferent to arithmetic. 
13. I have always liked arithmetic because it has presented me with a challenge. 
14. I like arithmetic but I like other subjects just as well. 
15. The completion and proof of accuracy in arithmetic give me satisfaction and 
feelings of accomplishment. 
Place a [ X ] on the line below to indicate where you think your general feeling toward 
arithmetic might be. 
1 1  1 0  9 8 7 6 5 4 3 2  1  
strongly 
favorable 
neutral strongly 
against 
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APPENDIX O. BASIC CONCEPTS TEST 
186 
Identification number 
Male Female 
BASIC MATHEMATICS CONCEPTS TEST 
1. There are 
a. 10 d. 40 
2. A car is about 
a. 1 foot 
_ nickels in $2.00. 
b. 20 c. 30 
long. 
b. 4 feet c. 1 yard d. 4 yards 
3. Television commercials usually last seconds. 
a. 5 b. 30 c. 60 d. 120 
4. A small dog weighs about pounds. 
a. 10 b. 40 c. 70 
5. If you want to make a frame to put around a picture, you need to know the 
the picture. 
of 
a. area 
6. 1/8 = 
b. perimeter 
7. 
a. 0.080 b. 0.125 
rounds to 21. 
b. 20.6 a. 19.6 
8. 1/12 = 
a. 0.08 
9. 
b. 0.10 
of the circle is shaded. 
c. volume 
c. 0.250 
c. 20.3 
c. 0.12 
d. 0.800 
d. 21.8 
d. 0.24 
a. 1/2 b. 1/3 c. 2/3 d. 5/6 
10. If you are going to make a drape to cover a window, you need to know the 
window. 
a. area b. perimeter c. voliune 
of the 
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APPENDIX P. WORD PROBLEMS TEST 
188 
Identification number 
Male Female 
WORD PROBLEMS 
Directions: 
Show all of your work for the following problems and label each of your answers. 
1. Dave wants to buy a shirt that is on sale. The size of the shirt is 15. The shirt is on sale 
for one third off the regular price. The regular price of the shirt is $30. How much will 
Dave save? 
2. Farmer Brown has just finished plowing his field. His field is 500 miles long. He plowed 
22 miles on his tractor at a rate of 1 mile every 12 minutes. How many minutes did it take 
Farmer Brown to plow his field? 
3. Marie is the business manager of the local theater group. Marie has learned that 180 
people are interested in seeing a new play that the theater is producing. She has also 
learned that whether these people come to the play depends on the price of the tickets. 
The chart below will help Marie decide what is the best price ticket price. Finish filling in 
the chart and use it to find the ticket price that will result in the greatest amount of money. 
Indicate your answer by circling the best ticket price. 
How much people will pay # of people Expected Income 
up to $1.00 50 $180.00 
up to $2.00 80 
up to $3.00 50 
Total # of people =180 
4. Josh is having a party and wants to serve ice cream to his guests. He has $8.58 to spend. 
Ice cream costs $2.39 a gallon. How much money will Josh have left after he buys 3 
gallons of ice cream for his party? 
5. Jason wants to make some extra money, so he decides to set up a lemonade stand. He has 
a box of 100 paper cups, but he needs to get lemonade. He can either buy already-
prepared lemonades or buy lemons and sugar and make the lemonade himself. If he buys 
already-prepared lemonade, it will costs $2.40 a gallon. If Jason makes the lemonade 
himself, it will take 12 lemons, and 1 pound of sugar to make a gallon of lemonade. 
Lemons cost $0.07 each and sugar costs $1.08 a pound. Would it be cheaper for Jason to 
buy or to make his lemonade? If a gallon of lemonade contains 16 glasses, and Jason sells 
80 glasses at $0.25 each, how much profit will he make? 
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APPENDIX Q. PROBLEM-PLANNING TEST 
191 
Identification number 
Planning Problem Test 
Jill lives in Carson City. She wants to drive her car from her house to a j&iend's house in 
Meridien. As shown on the map, Jill can take the road from Carson City to Johnstown and 
Johnstown to Meridien. Her car is filled with gasoline and ready to go. There is a gas station 
in Carson City, Ceymore, and Meridien, but there is not one in Johnstown. Jill plans to leave 
on her trip at 8:00 in the morning. 
The challenge: What does Jill need to think about to figure out how long it will take her to 
make the trip? 
Meridien ^ Johnstown 
Ceymore 
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APPENDIX R. TEACHING STRATEGY TEST 
193 
Teaching Strategy Test IdentijBcation number 
Describe in detail your best strategy for teaching 5th grade students in a regular classroom 
the mathematics concept of either "Ratio/Proportion," or just "Ratio" or just "Proportion." 
Create a specific problem-solving activity focused on the mathematics concept which you 
choose. Include the rationale for your choice of activity. Your 5th grade students have had 
relevant experiences with the following: 
• Develop whole number sense and imderstanding of the numerical system. For 
example, they are able to develop strategies to solve problems involving large 
numbers. 
• Develop concepts of whole number operations (+,-,x,-r) to solve problems. 
• Model, explain, and develop reasonable proficiency with basic facts and algorithms. 
For example, they are able to demonstrate a proficiency when XXxX= (for example, 
27x3=), XXXxX= (for example, 123x5=) (with/without regrouping), and XX-i-X= 
(for example, 58^9) (with/without remainder.) 
• Develop number sense and understanding of firactions, mixed numbers, and decimals 
to solve problems. For example, they are able to combine and separate firactional 
amounts with concrete objects, and investigate mixed niunbers, proper and improper 
fractions using manipulatives and graph paper. 
(It is assumed that in your classroom you have all kinds of instructional materials such as 
manipulatives, technology, and so on.) 
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APPENDIX S. EXAMPLES OF ANSWERS AND SCORING ON THE TEACHING 
STRATEGY TEST OF EACH GROUPS 
195 
Examples of the highest scores on the teaching strategy test 
Example 1: The treatment group 
Answer: I would use a strategy similar to the Barbie strategy used in class. I would bring in a 
doll house and show the students many of the things in the doll house examples. I would 
show the chairs and table, the sofa, the Christmas tree (I really own a doll house with all of 
these things!). I would assign groups of 2 to a few items or a room full of items depending 
on the group size. I would let the student figure out what the sizes of the furniture would be 
in a real world setting. 
Level 0 Level 1 Level 2 Level 3 
Category I; Using appropriate content and 
mathematical experiences X 
Category 2: Encouraging mathematical 
communication X 
Category 3: Approaching student-centered 
instruction X 
Category 4; Appropriate use of manipulatives, 
diagrams, computer-related technologies, or 
alternative representations 
X 
Total point = 8 
Example 2: Comparison group 1 
Answer: 
Proportion 
-Discuss what proportion is. 
-Discover this. 
-Find real world examples. 
-Go exploring through out school and home 
-Find away to display these. 
-Discuss each individual example why or why not by use of concept attainment strategy 
For example: 
-2 out of 3 color tiles are green. 
-3 out of 4 students have brown hair and brown eyes. 
-attribute blocks example 
-out of a dollar in change 2 out of 3 coins are nickels. 
After students have achieved the concept attainment, go over each individual example as to 
why/why not ask students for explanations (possible reasons). Then ask students to provide 
an example of a proportion and how/why it is a proportion. 
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Level 0 Level 1 Level 2 Level 3 
Category 1: Using appropriate content and 
mathematical experiences X 
Categoiy 2: Encouraging mathematical 
communication X 
Category 3; Approaching student-centered 
instruction X 
Category 4: Appropriate use of manipulatives, 
diagrams, computer-related technologies, or 
alternative representations 
X 
Total point = 7 
Example 3: Con^arison group 2 
Answer: Students will collect, analyze, and interpret data about other students in their school. 
For example, hair color (red, black, brown, blond, other). Students will use a computer 
program to create graphs, tables, and other charts to interpret their data and figure out the 
ratio of hairing a certain "hair color" in the school or class. Students will be able to draw 
conclusions fi-om the data and create ratios such as 1 in every 4 girls hair blond hair. 
Level 0 Level 1 Level 2 Level 3 
Category 1: Using appropriate content and 
mathematical experiences X 
Category 2: Encouraging mathematical 
communication X 
Category 3: Approaching student-centered 
instruction X 
Category 4: Appropriate use of manipulatives, 
diagrams, computer-related technologies, or 
alternative representations 
X 
Total point = 11 
NOTE; Although the highest score of 11 resulted from a participant in comparison group 2, 
the participants in the treatment group demonstrated more uniform answers. The treatment 
group's average was 5.25 and standard deviation was only 1.88, whereas the comparison 
group 2's average was 3.15 and standard deviation was 2.49. 
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Examples of the mean scores on the teaching strategy test 
Example 1: The treatment group 
Answer: The best way to teach is to give the students a situation where they have to solve a 
problem. Like when we viewed the video tape to get the bird home. Let the students plan a 
trip give them some variable they have to use and let them plan the rest. 
Level 0 Level 1 Level 2 Levels 
Category 1: Using appropriate content and 
mathematical experiences X 
Category 2: Encouraging mathematical 
communication X 
Category 3: Approaching student-centered 
instruction X 
Category 4: Appropriate use of manipulatives, 
diagrams, computer-related technologies, or 
alternative representations 
X 
Total point = 5 
Example 2: The comparison group 1 
Answer: Have students draw on graph paper (fill in) a favorite object. Next have them 
double the size. And triple the object These three are in proportion to each other. You can 
show examples of manipulatives that are in proportion. 
Level 0 Level 1 Level 2 Level 3 
Category I: Using appropriate content and 
mathematical experiences X 
Category 2: Encouraging mathematical 
communication X 
Category 3: Approaching student-centered 
instruction X 
Category 4: Appropriate use of manipulatives, 
diagrams, computer-related technologies, or 
alternative representations 
X 
Total point = 3 
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Example 3: The comparison group 2 
Answer: When working with ratios only, I would have students use manipulative to compare 
2/3 and 4/6 for example. 
Level 0 Level 1 Level 2 Level 3 
Category 1: Using appropriate content and 
mathematical experiences X 
Category 2: Encouraging mathematical 
communication X 
Category 3: Approaching student-centered 
instruction X 
Category 4: Appropriate use of manipulatives, 
diagrams, computer-related technologies, or 
alternative representations 
X 
Total point = 3 
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Examples of the lowest scores on the teaching strategy test 
Example I: the treatment group 
Answer: Use the base 10 blocks to develop strategies and solve problems involving numbers. 
Work with fraction, hands on, using things to explain fractions. Use example students keep 
with problems for whole number operations, use coxmting beans, sticks etc. to help the 
process. 
Level 0 Level 1 Level 2 Level 3 
Category 1: Using appropriate content and 
mathematical experiences X 
Category 2: Encouraging mathematical 
communication X 
Category 3: Approaching student-centered 
instruction X 
Category 4: Appropriate use of manipulatives, 
diagrams, computer-related technologies, or 
alternative representations 
X 
Total point = 2 
Example 2: the comparison group 1 
Answer: I would do ratios/proportions and have the students use base 10 blocks. I would 
give them a sheet of paper that is a chart with dividers: unit (1), long (10), and flat (100). I 
would then give them different numbers to put on it: 357, 426, 117,203, and so on. They 
could look at the differences between the numbers. I might ask them to add 203 to 357 and 
show what the answer would be. 
Level 0 Level 1 Level 2 Level 3 
Category 1: Using appropriate content and 
mathematical experiences X 
Category 2: Encouraging mathematical 
communication X 
Category 3: Approaching student-centered 
instruction X 
Category 4: Appropriate use of manipulatives, 
diagrams, computer-related technologies, or 
alternative representations 
X 
Total point = 0 
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Example 3.1: the comparison group 2 
Answer: Use models and manipulatives to compare proportions. 
Level 0 Level 1 Level 2 Level 3 
Category 1: Using appropriate content and 
mathematical experiences X 
Category 2: Encouraging mathematical 
communication X 
Category 3: Approaching student-centered 
instruction X 
Category 4: Appropriate use of manipulatives, 
diagrams, computer-related technologies, or 
alternative representations 
X 
Total point = 1 
Example 3.2: the comparison group 2 
Answer: 
Level 0 Level 1 Level 2 Level 3 
Category 1: Using appropriate content and 
mathematical experiences X 
Category 2: Encouraging mathematical 
communication X 
Category 3: Approaching student-centered 
instruction X 
Category 4: Appropriate use of manipulatives, 
diagrams, computer-related technologies, or 
alternative representations 
X 
Total point = 0 
NOTE: Because all of the students (n=4) whose score was zero wrote no relevant ideas or did 
not attempt to answer the questions, the next lowest score was included in this Appendix. 
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APPENDIX T. ALTERNATIVE ANALYSIS ASSOOATED WITH THE TEACHING 
STRATEGY TEST (HYPOTHESIS 7) 
202 
Hypothesis 7; The test scores ofpreservice teachers' decisions about teaching strategies for 
teaching mathematical problem solving in the treatment group in an elementary mathematics 
methods class will be significantly different than the scores of preservice teachers in two 
comparison groups. 
The scores on the teaching strategy test ranged from 0 to 11 out of 12 total possible 
points. The mean for the treatment group was 5.25, the mean for the comparison 1 group was 
3.44, and the mean for the comparison group 2 was 3.70 (see Table Tl). 
Table Tl. Alternative analysis: Means and standard deviations for the teaching strategy test 
scores a 
Group N Mean Standard Deviation 
Treatment 28 5.25 1.88 
Comparison 1 18 3.44 2.20 
Comparison 2 23 3.70 2.29 
Total 69 4.26 2.23 
a The maximum possible score was 12. 
An F-statistic from the ANOVA was calculated to determine if a statistically 
significant difference existed on the teaching strategy test among the three groups. The data 
showed that a statistically significant difference existed among the three groups at the .05 
level, F ratio = 5.27, p < .0075 (Table T2). 
A priori independent t-test was used to determine where the difference existed among 
the three groups. The priori independent t-test revealed that there was a significant difference 
at the .05 level between the treatment and the comparison 1 group, t = 2.97, p< .005 (Table 
T3) and betv/een the treatment and the comparison 2 groups, t = 2.67, p< .010 (Table T4). 
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Table T2. Alternative analysis: Analysis of variance for teaching strategy test scores 
Source D.F. Sum of Squares Mean Squares F Ratio F Probability 
Between 2 46.74 23.37 5.27 .0075 
Within 66 292.56 4.43 
Total 68 339.30 
Table T3. Alternative analysis: Independent t-test for teaching strategy test scores of the 
treatment and comparison 1 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 
Comparison 1 18 
5.25 
3.44 
1.88 
2.20 
2.97 .005 
a The maximum possible score was 12. 
Table T4. Alternative analysis: Independent t-test for teaching strategy test scores of the 
treatment and comparison 2 groups ^ 
Group N Mean Standard Deviation t P 
Treatment 28 5.25 1.88 
2.67 .010 
Comparison 2 23 3.70 2.29 
a The maximum possible score was 12. 
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Table T5. Alternative analysis: Independent t-test for teaching strategy test scores of the 
comparison 1 and 2 groups a 
Group N Mean Standard Deviation t P 
Comparison 1 18 3.44 2.02 
-.35 .725 
Comparison 2 23 3.70 2.29 
a The maximum possible score was 12. 
On the other hand, the independent t-test revealed that there was no significant difference 
between the comparison 1 and the comparison 2 groups at the .05 level, t = -.35, p< .725 
(Table T5). 
Auxiliary Findings 
In the process of analy2dng the data collected for the study, the researcher was 
interested in finding which categories of the teaching strategy test showed differences among 
the three groups, although the one-dimensional factor appeared in the analysis of the four 
categories of the teaching strategy test. 
Category 1: Using appropriate content 
Category 1 focused on measuring the participants' willingness to use appropriate 
content and mathematical experiences emphasized on authentic, contextualized, and 
situational tasks which are meaningful to their future students. In addition, it was used to 
determine the participants' extent to set real world situation problems with relevant content 
with support multiple approaches. The scores on category 1 of the teaching strategy test 
ranged firom 0 to 3 out of 3 total possible points. The mean for the treatment group was 1.71, 
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Table T6. Alternative analysis: Means and standard deviations for category 1 scores of the 
teaching strategy test» 
Group N Mean Standard Deviation 
Treatment 28 1.71 .71 
Comparison 1 18 1.06 .73 
Comparison 2 23 1.04 .71 
Total 69 1.32 .78 
a The maximum possible score of category 1 (Using appropriate content emphasizing 
context) was 3. 
the mean for the comparison 1 group was 1.06, and the mean for the comparison group 2 was 
1.04 (see Table T6). 
An F-statistic from the ANOVA was calculated to determine if a statistically 
significant difference existed on category 1 of the teaching strategy test among the three 
groups. The data showed that a statistically significant difference existed among the three 
groups at the .05 level, F ratio = 7.24, p < .0014 (Table T7). 
Table T7. Alternative analysis: Analysis of variance for category 1 scores of the teaching 
strategy test 
Source D.F. Sum of Squares Mean Squares F Ratio F Probability 
Between 2 7.37 3.69 7.24 .0014 
Within 66 33.62 .51 
Total 68 40.99 
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A priori independent t-test was used to determine where the difference existed among 
the three groups. The priori independent t-test revealed that there was a significant difference 
at the .05 level between the treatment and the comparison 1 group, t = 3.04, p< .004 (Table 
T8) and between the treatment and the comparison 2 groups, t = 3.36, p< .002 (Table T9). 
On the other hand, the independent t-test revealed that there was no significant difference 
between the comparison 1 and the comparison 2 groups at the .05 level, t = .05, p< .957 
(Table TIO). 
Table T8. Alternative analysis; Independent t-test for category 1 scores of the teaching 
strategy test of the treatment and comparison 1 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 1.71 .71 
3.04 .004 
Comparison 1 18 1.06 .73 
a The maximum possible score was 3. 
Table T9. Alternative analysis: Independent t-test for category 1 scores of the teaching 
strategy test of the treatment and comparison 2 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 1.71 .71 
3.36 .002 
Comparison 2 23 1.04 .71 
a The maximimi possible score was 3. 
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Table TIO. Alternative analysis: Independent t-test for category 1 scores of the teaching 
strategy test of the comparison 1 and 2 groups ^ 
Group N Mean Standard Deviation t P 
Comparison 1 18 1.06 .73 
.05 .957 
Comparison 2 23 1.04 .71 
a The maximum possible score was 12. 
Category 2: Encouraging mathematical communication 
Category 2 focused on measuring the participants' willingness to encourage their 
future smdents to communicate mathematically with the teacher as well as their classmates. 
Their communication should reflect careful mathematical thinking such as justifying and 
supporting views with multiple perspectives emphasized in the process of reaching 
conclusion. The scores on category 2 of the teaching strategy test ranged from 0 to 2 out of 3 
total possible points. The mean for the treatment group was .71, the mean for the comparison 
1 group was .50, and the mean for the comparison group 2 was .48 (see Table T11). 
Table T11. Alternative analysis: Means and standard deviations for category 2 scores of the 
teaching strategy test a 
Group N Mean Standard Deviation 
Treatment 28 .71 .66 
Comparison 1 18 .50 .71 
Comparison 2 23 .48 .80 
Total 69 .58 .72 
a The maximum possible score of category 2 (Encouraging mathematical commxmication) 
was 3. 
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An F-statistic from the ANOVA was calculated to determine if a statistically 
significant difference existed on category 2 of the teaching strategy test among the three 
groups. The data showed that there were no differences among the three groups at the .05 
level, F ratio = .83, p < .4388 (Table T12). 
Table T12. Alternative analysis: Analysis of variance for category 2 scores of the teaching 
strategy test 
Source D.F. Sum of Squares Mean Squares F Ratio F Probability 
Between 2 .86 .43 .83 .4388 
Within 66 33.95 .51 
Total 68 34.81 
Category 3: Approaching student-centered instruction 
Category 3 focused on measuring the participants' willingness to approach student-
centered instruction to teaching ratios/proportions. Student-centered instruction includes 
encouraging their fiiture students to have responsibility for their own learning, to explore 
alternative problems, and invent many different ways of re-solving a situation. Moreover, the 
ability of the participants to foster in their future students the ability to reflect on their own 
thinking was a component for this category. 
The scores on category 3 of the teaching strategy test ranged from 0 to 3 out of 3 total 
possible points. The mean for the treatment group was 1.50, the mean for the comparison 1 
group was .89, and the mean for the comparison group 2 was 1.04. The result is summarized 
in Table T13. 
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Table T13. Alternative analysis: Means and standard deviations for category 3 scores of the 
teaching strategy test a 
Group N Mean Standard Deviation 
Treatment 28 1.50 .51 
Comparison 1 18 .89 .68 
Comparison 2 23 1.04 .77 
Total 69 1.19 .69 
a The maximum possible score of category 3 (Approaching student-centered instruction) was 
3. 
An F-statistic from the ANOVA was calculated to determine if a statistically 
significant difference existed on category 3 of the teaching strategy test among the three 
groups. The data showed that a statistically significant difference existed among the three 
groups at the .05 level, F ratio = 5.73, p < .0051 (Table T14). 
A priori independent t-test was used to determine where the difference existed among 
the three groups. The priori independent t-test revealed that there was a significant difference 
at the .05 level between the treatment and the comparison 1 group, t = 3.49, p< .001 (Table 
T15) and between the treatment and the comparison 2 groups, t = 2.54, p< .014 (Table T16). 
Table T14. Alternative analysis: Analysis of variance for category 3 scores of the teaching 
strategy test 
Source D.F. Sum of Squares Mean Squares F Ratio F Probability 
Between 2 4.82 2.41 5.73 .0051 
Within 70 27.73 .42 
Total 72 32.55 
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Table T15. Alternative analysis: Independent t-test for category 3 scores of the teaching 
strategy test of the treatment and comparison 1 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 1.50 .51 
3.49 .001 
Comparison 1 18 .89 .68 
a The maximum possible score was 3. 
Table T16. Alternative analysis: Independent t-test for category 3 scores of the teaching 
strategy test of the treatment and comparison 2 groups a 
Group N Mean Standard Deviation t P 
Treatment 28 1.50 .51 
2.54 .014 
Comparison 2 27 1.04 .77 
a The maximum possible score was 3. 
Table T17. Alternative analysis: Independent t-test for category 3 scores of the teaching 
strategy test of the comparison 1 and 2 groups ^ 
Group N Mean Standard Deviation t P 
Comparison 1 18 .89 .68 
-.67 .504 
Comparison 2 23 1.04 .77 
a The maximum possible score was 12. 
On the other hand, the independent t-test revealed that there was no significant difference 
between the comparison 1 and the comparison 2 groups at the .05 level, t = -.67, p< .504 
(Table T17). 
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Category 4: Using appropriate materials 
Category 4 focused on measuring the participants' willingness to appropriately use 
instructional materials such as manipulatives, diagrams, computer-related technologies, or 
alternative representations. 
The scores on category 4 of the teaching strategy test ranged from 0 to 3 out of 3 total 
possible points. The mean for the treatment group was 1.32, the mean for the comparison 1 
group was 1.00, and the mean for the comparison group 2 was 1.13. The result is 
summarized in Table T18. 
Table T18. Alternative analysis: Means and standard deviations for category 4 scores of the 
teaching strategy test a 
Group N Mean Standard Deviation 
Treatment 28 1.32 .55 
Comparison 1 18 1.00 .69 
Comparison 2 23 1.13 .63 
Total 69 1.17 .62 
a The maximum possible score of category 4 (Using appropriate materials) was 3. 
An F-statistic from the ANOVA was calculated to determine if a statistically 
significant difference existed on category 4 of the teaching strategy test among the three 
groups. The data showed that there were no dififerences among the three groups at the .05 
level, F ratio = 1.60, p < .2099 (Table T19). 
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Table T19. Alternative analysis: Analysis of variance for category 4 scores of the teaching 
strategy test 
Source D.F. Sum of Squares Mean Squares F Ratio F Probability 
Between 2 1.20 .60 1.60 .2099 
Within 66 24.72 .37 
Total 68 25.91 
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